% 


. I* 


/ 


m 


m.fj  v 


-'a 


■ 


LECTURES 

/ \ ' ^ ' 

ON 

■L 

r ■ » • 

SELECT  SUBJECTS 


I N 


MECHANICS, 

HYDROSTATICS, 

HYDRAULICS, 


PNEUMATICS, 

AND 

OPTICS. 


WITH 


The  USE  of  Lie  GLOBES, 
The  ART  of  DIALING," 


AND 


The  Calculation  of  the  Mean  Times  of  New 
and  Full  Moons  and  Eclipses. 


By  JAMES  FERGUSON,  F.R.S. 

✓ 

Philnfophia  mater  omnium  I'onarum-  arlium  ejl. 

Cicero,  i,  Tule. 

THE  TENTH  EDITION. 


LONDON : 

Printed  by  A.  Slralian,  Printers  Street ; 

TOR  J.  JOHNSON  ; F.  AND  C.  RIVINCTON;  W.  J.  AND).  RICHARDSON; 
a.  AND  J.  ROBINSON  ; V.'.  LOWNDES  ; OCILVV  AN1>  SON  ; J.  SCAT- 

cherd;  J.  walker;  J.  nunn  ; cuthell  and  martin;  R.  l'ea  j 
Longman  and  rees;  and  cadell  and  davies. 


1803. 


Jr 


U 

'M 


^LCo> 

M 

H*8TOfllOAL 
MB»ICAL 


$ 


Vi'-',  (JVi  l ,1  ., 


* 


4 


TO 

HIS  ROYAL  HIGHNESS 

■ ’ . - 

Prince  EDWARD. 

» » i 

* i * ' \ \ 'V 

. i 

SIR,  1 

Heaven  has  inspired  your 
Royal  Highness  with  such 
love  of  ingenious  and  useful  arts, 

• \ 

that  you  not  only  study  their  theory, 
but  have  often  condescended  to 
honour  the  professors  of  mechanical 
and  experimental  philosophy  with 
} our  presence  and  particular  favour  ; 

I am  thereby  encouraged  to  lay  my- 
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DEDICATION. 
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self  and  the  following  work  at  your 
Royal  Highness’s  feet;  and  at 
the  same  time  beg  leave  to  express 
that  ve«ner£tion  with  which  I am, 

I ‘ . 

SIR, 

^ \ 
i 

Your  Royal  Highness’s 

Moft  obliged, 

/ * 

And  mod;  obedient, 

» 

Humble  Servant, 


JAMES  FERGUSON. 


/ THE 

PREF  AC  E* 


f?VER  fmce  the  days  of  the  Lord  Chan- 
•*-*  cellor  Bacon,  natural  philofphy  hath 

been  snore  and  snore  cidtivated  in  England.  That 

' » . . . / ■> 

great  genius  firft  Jet  out  with  taking  a general 
furvey  of  all  the  natural  fciences , dividing  them 
into  diftind  branches , which  he  enumerated  with 
great  exadnefs.  He  inquired  fcrupuloufly  into 
the  degree  of  knowledge  already  attained  to  in 
each , and  drew  up  a lift  of  what  Jlill  remained 
to  be  difcovercd  this  was  the  fcope  of  his  jirjl 
undertaking.  Afterward  he  carried  his  views 
much  farther , and  Jhewed  the  necejfity  of  an 
experimental  philofophy , a thing  never  before 
thought  of.  As  he  was  a profeffed  enemy  to  fyf 
terns , he  confidered  philofophy  no  otherwife  than 
as  that  part  of  knowledge  which  contributes  to 
make  men  better  and  happier  : he  feems  to  limit  it 
to  the  knowledge  of  things  ufefuf  recommending 
above  all  the  Jludy  of  nature , and  fhewing  that 
no  progrefs  can  be  made  therein , but  by  colleding 
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faffs,  and  comparing  experiments,  of  which  he 
points  out  a,  great  nuifiber  proper  to  be  made. 

But  notwit  Iff  ending  the  true  path  to  fcience 
was  thus  exactly  marked  out , the  old  notions  of 
the  fchool  fo  ffrongly  pojfeffed  people's,  minds  :at 
that  time,  as  not  to  be  eradicated  by  any  new 
opinions,  how  rationally  foever  advanced,  until 
the  illuffrious  Mr.  Boyle,  the  firji  who  pur- 
fued  Lord  Bacon’j  plan,  began  to  put  experi- 
ments in  practice  with  an  ajfiduity  equal  to  his 
great  talents.  Next,  the  Royal  Society  being 
edabliffoed,  th/s  true  philofophy  began  to  be  the 
reigning  tajle  of  the  age,  and  continues  fo  to 
this  day. 

The  inwiCf/'tal  Sir  Isaac  Newton  inffted , 
even  in  his  early  years,  that  it  was  high  time  to 
barifh  vague  conjectures  and  hypothcfes  from  na- 
tural philofophy,  and  to  bring  that  fcience  under 
an  entire  fubjeftion  to  experiments  and  geometry, 
lie  frequently  called  it  the  experimental  philo- 
fophy, fo  as  to  exprefs  ffgniffcantly  the  difference 
between  it  and  the  numbetiefs  fyjlems  which  had 
arifen  merely  out  of  the  conceits  of  inventive 
brains  : the  one  Jubffffing  no  longer  than  the  fpirit 
of  novelty  lefts ; the  other  never  failing  while 
the  nature  of  things  remains  unchanged. 
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/ The  method  of  teaching  and  laying  the  foun- 
dation of  phyfics , by  public  courfes  of  experiments * 
was  firfl  undertaken  in  this  kingdom , I believe , 
Dr.  John  Keill,  and  fmce  improved  and  en- 
larged by  Mr.  Hauksbee,  Dr.  Desagtjlier^, 
•Mr.  Whiston,  Mr.  Cotes,  Mr.  Whiteside, 
Dr.  Bradley,  our  late  Regius  and  Savilian 
Profejfor  of  Afitronomy , and  Dr.  Bliss  his  fiuc- 
ceffor.  Nor  has  the  fame  been  neglected  by  Dr. 
James,  and  Dr.  David  Gregory,  Sir  Robert 
Stewart,  and  after  him  Mr.  Maclaurin. 

Dr.  Helsham  in  Ireland , Meffieurs  Grave- 

sande  and  Muschenbroeic,  and  the  Abbe  Nol- 
let  in  France , have  alfio  acquired  juft  applaufe 

The  fubjlance  of  my  own  attempt  in  this  way 
of  infhruniental  injlrudion , the  following  fleets 
C exclvftve  of  the  aftronomical  part ) will  Jhew  : 
the  fat  isf action  they  have  generally  given , read 
as  lectures  to  different  audiences , affords  me  fome 
hope  that  they  may  be  favourably  received  in  the 
fame  form  by  the  public. 

\ 

I ought  tv  obferve , that  though  the  laft  five 
lectures  cannot  be  properly  fiaid  to  concern  expe- 
rimental philofophy , I confidered , however , that 
they  were  not  of  fio  different  a clafs,  but  that  they 
might , without  much  impropriety , be  fiubjoined  to 
the  preceding  ones. 


My 
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My  apparatus  ( part  of  which  is  defcribed  here , 
and  the  reft  in  a * former  work ) is  rather  fimple 
than  magnificent , which  is  owing  to  a particular 
point  I had  in  view  at  firft  fetting  out , namely , 
to  avoid  all  fuperjluity , and  to  render  every 
thing  as  plain  and  intelligible  as  I thought  the 
fubjecl  would  admit  of.  , ' 

S-  * Aftronomy  explained  upon  Sir  Isaac  Newton’s 
principles,  and  made  eafy  to  thofe  who  have  not  ftudied 
mathematics. 
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I.  A STRONOMY  explained  upon  Sir  ISAAC  NEW- 
VX  TOl^’s  Principles,  and  made  eafy  to  thofe  who 
have  not  lluditd  Mathematics.  To  which  is  added,  the 
Method  of  finding  the  Diitances  of  the  Planets  from  the 
Sun,  by  the  Transit  of  Venus  over  the  Sun’s  Difc  in 
the  Year  1761.  Thefe  Diitances  deduced  from  that 
Tran  fit ; and  an  Account  of  Mr.  RORROX’s  Obferva- 
trons  of  the  Tranfit  in  the  Year'  1639.  Illuftrated  with 
Plates.  Tenth  Edition,  8vo.  10s.  6d. 

2.  An  Eafy  Introduction  to  ASTRONOMY,  for  Young 
GENTLEMEN  and  LADIES  : Defcribihg  the  Figure, 
Motions,  and  Dimenfions  of  the  F>arth  ; the  different  Sea- 
fous  Gravity  and  Light ; the  Solar  Syfteqi ; The  Tranfit 
of  Venus,  and  its  Ufe  in  Aftronomy  ; The  Moon’s  Motion 
and  Phafes  ; the  Eclipfes  of  the  Sun  and  Moon  ; the  Caufe 
of  the  Ebbing  and  Flowing  cf  the  Sea,  See.  Illuftrated 
with  Plates.  Fourth  Edition,  8vo.  5 s. 

i 

3.  TABLES  and  TRACTS  relative  to  feveral  Arts 
and  Sciences.  8vo.  5 s. 

4.  An  Introduction  to  ELECTRICITY,  in  fix  Sec- 
tions: 1.  Of  EleCtricity  in  general.  2.  A Defcription  of 

the  EleCtrical  Machine.  3.  A Defciiption  of  the  Apparatus 
(belonging  to  the  Machine)  for  making  Experiments. 
4.  Kow  to 'know  if  the  Machine  be  in  good  Order  for  per- 
forming the  Experiments,  and  to  put  it  in  Order  if  it  be  not. 
5*.  Kow  to. make  the  Experiments,  and  to  preferve  Buildings 
from  Damage  by  Lightning.  6.  Medical  .EleCtricity.  Illus- 
trated with  Pla€es.  Third  Edition,  Hvo,  5s. 

" - ‘ - j 

5.  SeleCt  Mechanic'll  Exercises,  (hewing  how  to 

conftruCt  different  Clocks,  Orreries,  and  Sun  Dials,  on 
p]ain  and  eafy  Principles.  With  feveral  Mifcellaneous  Arti- 
cles and  Tables.  Illuftrated  with  Plates.  ’To  which  is 
prefixed  a fiiort  Account  of  the  Life  of  the  Author.  Second 
Edition.  8vo.  5s.  w '?p 

6.  The  Art  of  Drawing  in  Perspective  made  eafy  to 
thofe  who  have  no  previous  Knowledge  of  the  Mathematics. 
Illuftrated  with  Plates.  Second  Edition.  8vo.  5s. 
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LECT.  I. 

Of  Matter  and  its  Properties. 

AS  the  defign  of  the  fii'ft  part  of  this  couife 
is  to  explain  and  deraonftrate  thofe  law& 
by  which  the  material  univerfe  is  governed,  re- 
gulated, and  continued;  and  by  which  the  va- 
rious appearances  in  nature  are  accounted  for ; 
it  is  requilite  to  begin  with  explaining  the  pro- 
perties of  matter. 

By  the  word  matter  is  here  meant  every  thing  Matter, 
that  has  length,  breadth,  and  thicknefs,  and  re- what, 
fills  the  touch. 

The  inherent  properties  of  matter  are  folidity,  Its  pro- 
inaftivity,  mobility,  and  divifibility.  . . pcrtits, 

The  folidity  of  matter  arifes  from  its  having  Solidity, 
length,  breadth,  thicknefs;  and  hence  it  is  that 
all  bodies  are  comprehended  under  fome  drape 
or  other,  and  that  each  particular  body  hinders 
all  others  from  occupying  the  fame  part  of  fpace 
which  it  poffeffes.  Thus,  if  a piece  of  wood 
or  metal  be  fqueezed  ever  fo  hard  between  two 
plates,  they  cannot  be  brought  into  contadt. 

And  even  water  or  air  has  this  property;  for  if 
a fmall  quantity  of  it  be  fixed  between  any  other 
7 bodies. 
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bodies,  they  cannot  be  brought  to  touch  one 
another. 

Ina&ivity,  A fecond  property  of  matter  is  inactivity,  or 
paffivcnefs ; by  which  it  always  endeavours  to 
continue  in  the  (late  that  it  is  in,  whether  of  reft 
or  motion.  And  therefore,  if  one  body  contains 
twice  or  thrice  as  much  matter  as  another  body 
does,  it  will  have  twice  or  thrice  as  much  inac- 
v tivity;  that  is,  it  will  require  twice  or  thrice  as 
much  force  to  give  it  an  equal  degree  of  motion, 
or  to  flop  it  after  it  hath  been  put  into  fuch  a 
motion.  \ 

That  matter  can  never  put  itfelf  into  motion  is 
allowed  by  all  men.  For  they  fee  that  a ftone, 
lying  on  the  plane  furface  of  the  earth,  never 
removes  itfelf  from  that  place,  nor  does  any  one 
imagine  it  ever  can.  But  moft  people  are  apt 
to  believe  that  all  matter  has  a propenfity  to 
fall  from  a (late  of  motion  into  a ftate  of  ref!; 
fcecaufe  they  fee  that  if  a hone  or  a cannon-ball 
be  put  into  ever  fo  violent  a motion,  it  foon  flops ; 

- not  confidering  that  this  floppage  is  caufed, 
i . By  the  gravity  or  weight  of  the  body,  which 
links  it  to  the  ground  in  fpite  of  the  impulfe; 

■ and,  2.  By  the  refinance  of  the  air  through  which 
it  moves,"  and  by  which  its  velocity  is  retarded 
every  moment  till  it  falls. 

A bowl  moves  but  a fhort  way  upon  a bowl- 
ing-green;  becaufe  the  roughnefs  and  uneven- 
nel's  of  the  graffy  furface  foon  creates  friction 
enough  to  hop  it.  But  if  the  green  were  per- 
fectly level,  and  covered  with  polifhed  glafs,  and 
the  bowl  were  p^rfeCllv  hard,  round,  and  imooth, 
it  would  go  a great  way  farther;  as  it  would 
have  nothing  but  the  air  to  refih  it;  if  then  the 
air  were  taken  away,  the  bowl  would  go  on 
without  any  fridiion,  and  confequently  without 

any 
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any  diminution  of  the  velocity  it  had  at  fetting 
out : and  therefore,  if  the  green  were  extended 
quite  around  the  earth,  the  bowl  would  go  on, 
round  and  round  the  earth  for  ever. 

If  the  bowl  were  carried  feveral  miles  above 
the  earth,  and  there  projected  in  a horizontal 
direction,  with  fuch  a Velocity  as  would  make 
it  move  more  than  a femidiameter  of  the  earth, 
in  the  time  it  would  take  to  fall  to  the  earth  by 
gravity ; in  that  cafe,  and  if  there  were  no  re- 
filling medium  in  the  way,  the  bowl  would  not 
fall  to  the  earth  at  all ; but  would  continue  to 
circulate  round  it,  keeping  always  in  the  fame 
trad,  and  returning  to  the  fame  point  from 
which  it  was  projected,  with  the  fame  velocity  as 
at'  fir  It.  In  this  manner  the  moon  goes  round 
the  earth,,  although  Ihe  be  as  una&ive  and  dead 
as  any  done  upon  it. 

The  third  property  of  matter  is  mobility  ; for  Mobility, 
we  find  that  all  matter  is  capable  of  being  moved, 

'if  a fufiicient  degree  of  force  be  applied  to  over- 
come its  inactivity  or  refiftance. 

The  fourth  property  of  matter  is  div'fbility , Dividbi- 
oi  which  there  can  be  no  end.  For,  fmce  mat--  lity. 
ter  can  never  be  annihilated  by  cutting  or  break- 
ing, we  can  never  imagine  it  to  be  cut  into  fuch 
fmall  particles,  but  that  if  one  of  them  be  laid 
' on  a table,  the  uppermoft  fide  of  it  will  be  fur- 
ther from  the  table  than  the  undermolt  fide. 
Moreover,  it  would  be  abfurd  to  fay  that  the 
greateft  mountain  on  earth  has  more  halves, 
quarters,  or  tenth  parts,  than  the  fmallell  particle 
of  matter  has. 

We  have  many  furprifmg  inftances  of  the 
fmallnefs  to  which  matter  can  be  divided  by 
art : of  which  the  two  following  are  very  re- 
markable. 

' ' B ' 1.  If 

• '<  / _ ' • 
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1 . If  a pound  of  filver  be  melted  with  a fmgle 
grain  of  gold,  the  gold  will  be  equally  diffufed 
through  the  whole  filver ; fo  that  taking  one 
grain  from  any  part  of  the  rnafs  (in  which  there 
can  be  no  more  than  the  5760  part  of  a grain 
of  gold)  and  dilfolving  it  in  aqua  fortis,  the 
gold  will  fall  to  the  bottom. 

2.  The  gold  beaters  can  extend  a grain  of  gold 
into  a leaf  containing  50  fquare  inches ; and  this 
leaf  may  be  divided  into  500000  vifible  parts. 
For  an  inch  in  length  can  be  divided  into  100 
parts,  every  one  of  which  will  be  vifible  to  the 
bare  eye  : confequently  a fquare  inch  can  be 
divided  into  10000  parts,  and  50  fquare  inches 
into  500000.  And  if  one  of  thefe  parts  be 
viewed  with  a microfcope  that  magnifies  the 
diameter  of  an  objedt  only  ten  times,  it  will 
magnify  the  area  100  times  ; and  then  the  100th 
part  of  a 500000th  part  of  a grain  (that  is,  the 
50  millionth  part)  will  be  vifible.  Such  leaves 
are  commonly  ufed  in  gilding;  and  they  are.fo 
very  thin,  that  if  124500  of  them  were  laid  upon 
one  another,  and  prefled  together,  they  would 
not  exceed  one  inch  in  thicknefs. 

Yet  all  this  is  nothing  in  comparifon  of  the 
lengths  that  nature  goes  in  the  divifion  of  mat- 
ter. For  Mr.  Lewenhoef  tells  us,  that  there  are 
more  animals  in  the  milt  of  a fmgle  cod-fifh, 
than  there  are  men  upon  the  whole  earth  : and 
that,  by  comparing  thefe  animals  in  a micro- 
fcope with  grains  of  common  fand,  it  appeared 
that  one  fmgle  grain  is  bigger  than  four  millions 
of  them.  Now  each  animal  mud  have  heart, 
arteries,  veins,  mufcles,  and  nerves,  otherwife 
they  could  neither  live  nor  move.  How  incon- 
ceivably fmall  then  mud  the  particles  of  their 
blood  be,  to  circulate  through  the  fmalleft  rami- 
fications 


' * 
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fications  and  joinings  of  their  arteries  and  veins  ? 

It  has  been  found  by  calculation,  that  a particle 
of  their  blood  muff  be  as  much  fmaller  than  a 
globe  of  the  tenth  part  of  an  inch  in  diameter,  as 
that  globe  is  fmaller  than  the  whole  earth  ; and 
yet,  if  thefe  particles  be  compared  with  the  par- 
ticles of  light,  they  will  be  found  to  exceed 
them  as  much  in  bulk  as  mountains  do  fmgle 
grains  of  fand.  For,  the  force  of  any  body 
ftriking  againfl  an  obftacle  is  dire&ly  in  pro- 
portion to  its  quantity  of  matter  multiplied  into 
its  velocity  ; and  fince  the  velocity  of  the  par- 
ticles of  light  is  demonftrated  to  be  at  lead  a 
million  times  greater  than  the  velocity  of  a can- 
non-ball, it  is  plain,  that  if  a million  of  thefe  ✓ 

particles  were  as  big  as  a fmgle  grain  of  fand, 
we  durft  no  more  open  our  eyes  to  the  light, 
than  we  durft  expofe  them  to  fand  foot  point- 
blank  from  a cannon. 

That  matter  is  infinitely  divifible  in  a mathe-  Date  L 
matical  fenfe,  is  eafy  to  'be  demonftrated.  For,  Fig-  i- 
let  A B be  the  length  of  a particle  to  be  divided  ; 
and  let  it  be  touched  at  oppofite  ends  by  the 
parallel  lines  CD  and  EF,  which,  fuppofe  to  be 
infinitely  extended  beyond  D and  F.  Set  off  The  infu 
the  equal  divifions  BG , GH,  HI,  &c.  on  the  nitedivi* 
line  EF,  toward  the  right  hand  from  B ; and  hblIlty  of 
take  a point,  as  at  R , any  where  toward  the  left 
hand  from  A,  in  the  line  CD  : Then,  from  this 
point,  draw  the  right  lines  RG,  RH,  RI,  &c* 
each  of  which  will  cut  off  a part  from  the  par- 
ticle AB.  But  after  any  finite  number  of  fuch 
lines  are  drawn,  there  will  ftill  remain  a part,  as 
AP,  at  the  top  of  the  particle,  which  can  never 
be  cut  off:  becaufe  the  lines  DR  and  EF  being 
parallel,  no  line  can  ever  be  drawn  from  the 
point  R to  any  point  of  the  line  EF  that  will 
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coincide  with  the  line  RD.  Therefore  the  par- 
ticle AB  contains  more  than  any  finite  number 
of  parts. 

Attrac-  A fifth  property  of  matter  is  attraction , which 
tlon*  ferns  rather  to  be  infufed  than  inherent.  Of 
this  there  are  four  kinds,  viz.  cohefion , gravita- 
tion, magnet  if  in,  and  electricity. 

Cohefion.  The  attraction  of  cohefion  is  that  by  which  the 
fmajl  parts  of  matter  are  made  to  fii.ck  and  co- 
here together.  Of  this  we  have  feveral  inftances, 
fome  of  which  follow. 

1.  If  a fmall  glafs  tube,  open  at  both  ends,  be 
0 dipt  in  water,  the  water  will  rife  up  in  the  tube 

to  a confiderable  height  above  its  level  in  the 
bafon  : which  mull  be  owing  to  the  attra&ion 
of  a ring  of  particles  of  the  glafs  all  round  in 
the  tube,  immediately  above  thofe  to  which  the 
water  at  any  inftant  riles.  And  when  it  has  rifen 
fo  high,  that  the  weight  of  the  column  balances 
the  attraction  of  the  tube,  it  rifes  no  higher. 
This  dm  be  no  ways  owing  to  the  prelfure  of  the 
air  upon  the  water  in  the  bafon ; for,  as  the  tube 
is  open  at  top,  it  is  full  of  air  above  the  water, 
which  will  prefs  as  much  upon  the  water  in  the 
,tube  as  the  neighbouring  air  does  upon  any 
column  of  an  equal  diameter  in  the  bafon.  Be- 
fides,  if  the  fame  experiment  be  made  in  an  ex- 
haulted  receiver  of  the  air  pump,  there  will  be  . 
found  no  difference. 

2.  A piece  of  loaf-fugar  will  draw  up  a fluid, 
and  a fpiinge  will  draw  in  water  : and  on  the 
fame  principle  fap  afcends  in  trees. 

3.  If  two  drops  of  quickfilver  be  placed  near 
each  other,  they  will  run  together  and  become 
one  large  drop. 

4.  If  two  pieces  of  lead  be  fcraped  clean,  and 
prefled  together  with  a twill,  they  will  attrad 

each 
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each  other  fo  ftrongly,  as  to  require  a force 
much  greater  than  their  own  weight  to  feparate 
them.  And  this  cannot  be  owing  to  the  prelfure 
of  the  air,  for  the  fame  thing  will  hold  in  an  ex- 
haufted  receiver. 

5.  If  two  polilhed  plates  of  marble  or  brafs 
be  put  together,  with  a little  oil  between  them 
to  fill  up  the  pores  in  their  furfaces,  and  prevent 
the  lodgement  of  any  air  ; they  will  cohere  fo 
ftrongly,  even  if  fufpended  in  an  exhaufted  re- 
ceiver, that  the  weight  of  the  lower  plate  will 
not  be  able  to  feparate  it  from  the  upper  one.  In 
putting  thefe  plates  together,  the  one  fhould  be 
rubbed  upon  the  other,  as  a joiner  does  two 
pieces  of  wood  when  he  glues  them. 

6.  If  two  pieces  of  cork,  equal  in  weight,  be 

put  near  each  other  in  a bafon  of  wrater,  they  will 
move  equally  fall  toward  each  other  with  an  ac- 
celerated motion,  until  they  meet : and  then,  if 
either  of  them  be  moved,  it  will  draw  the  other 
after  it.  If  twro  corks  of  unequal  weights  be 
placed  near  each  other,  they  will  approach  with 
accelerated  velocities  inverfely  proportionate  to. 
their  weights : that  is,  the  lighter  cork  will  move 
as  much  falter  than  the  heavier,  as  the  heavier 
exceeds  the  lighter  in  weight.  This  fhews  that 
the  attraction  of  each  cork  is  in  direCt  propor- 
tion to  its  weight  or  quantity  of  matter.  v 

This  kind  of  attraction  reaches  but  to  a very 
fmall  diltance ; for,  if  two  drops  of  quickfilver 
be  rolled  in  duft,  they  will  not  run  together^  be- 
caufe  the  particles  of  duft  keep  them  out  of  the 
fphere  of  each  other’s  attraction. 

Where  the  fphere  of  attraction  ends,  a repul-  Repub 
five  force  begins  ; thus,  water  repels  mofl  bodies 
till  they  are  wet  j and  hence  it  is,  that  a fmall 
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needle,  if  dry,  fwims  upon  water  ; and  flies  walk 
upon  it  without  wetting  their  feet. 

The  repelling  force  of  the  particles  of  a fluid 
is  but  fmall ; and  therefore,  if  a fluid  be  divided, 
it  eafily  unites  again.  But  if  a glafs,  or  any  other 
hard  fubftance,  be  broke  into  fmall  parts,  they 
cannot  be  made  to  hick  together  again  without 
being  firft  wetted  ; the  repulfion  being  too  great 
to  admit  of  a re-union. 

The  repelling  force  between  water  and  oil  is 
fo  great,  that  we  find  it  almoft  impoflible  to  mix 
them  fo,  as  not  to  feparate  again.  If  a ball  of 
light  wood  be  dipt  in  oil,  and  then  put  into 
water,  the  water  tvill  recede  fo  as  to  form  a 
channel  of  fome  depth  all  around  the  ball. 

The  repulfive  force  of  the  particles  of  air  is  fo 
great,  that  they  can  never  be  brought  fo  near  to- 
gether by  condenfation  as  to  make  them  flick  or 
cohere.  Hence  it  is,  that  when  the  weight  of 
the  incumbent  atmofphere  is  taken  off  from  any 
fpiall  quantity  of  air,  that  quantity  will  diffufe  it- 
felf  fo  as  to  occupy  (in  comparifon)  an  infinitely 
greater  portion  of  fpace  than  it  did  before. 

Attraction  of  gravitation  is  that  power  by 
which  diflant  bodies  tend  toward  one  another. 
Of  this  we  have  daily  inflances  in  the  falling 
of  bodies  to  the  earth.  By  this  power  in  the 
earth  it  is,  that  bodies,  on  whatever  fide,  fall  in 
lines  perpendicular  to  its  furface  ; and  confe- 
quently,  on  oppofite  fides,  they  fall  in  oppofite 
directions  ; all  toward  the  center,  where  the 
force  of  gravity  is  as  it  were  accumulated  ; and 
by  this  power  it  is,  that  bodies  on  the  earth’s 
furface  are  kept  to  it  on  all  fides,  fo  that  they 
cannot  fall  from  it.  And  as  it  aCts  upon  all  bo- 
dies in  proportion  to  their  refpeCtive  quantities 
of  matter,  without  any  regard  to  their  bulks  or 

figures, 
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figures,  it  accordingly  conflitutes  their  weight. 
Hence, 

If  two  bodies  which  contain  equal  quantities 
of  matter,  were  placed  at  ever  fo  great  a dill ance 
from  one  another,  and  then  left  at  liberty  in  free 
fpacc  ; if  there  were  no  other  bodies  in  the  uni- 
verfe  to  affect  them,  they  would  fall  equally  fwift 
toward  one  another  by  the  power  of  gravity, 
with  velocities  accelerated  as  they  approached 
each  other  ; and  would  meet  in  a point  which 
was  half-way  between  them  at  firft.  Or,  if  two 
bodies,  containing  unequal  quantities  of  matter, 
were  placed  at  any  diflance,  and  left  in  the  fame 
manner  at  liberty,  they  would  fall  toward  one 
another  with  velocities  which  would  be  in  an 
inverfe  proportion  to  their  refpe&ive  quantities 
of  matter  ; and  moving  fafler  and  fafter  in  their 
mutual  approach,  would  at  laft  meet  in  a point 
as  much  nearer  to  the  place  from  which  the 
heavier  body  began  to  fall,  than  to  the  place 
from  which  the  lighter  body  began  to  fall,  as 
the  quantity  of  matter  in  the  former  exceeded 
that  in  the  latter. 

All  bodies  that  we  know  of  have  gravity  or 
weight.  For,  that  there  is  no  fuch  thing  as  po- 
sitive levity,  even  in  fmoke,  vapours,  and  fumes, 
is  demonftrable  by  experiments  on  the  air- 
pump  ; which  fhews,  that  although  the  fmoke 
of  a candle  afcends  to  the  top  of  a tall  receiver 
when  full  of  air,  yet,  upon  the  air’s  being  ex- 
haufled  out  of  the  receiver,  the  fmoke  falls  down 
to  the  bottom  of  it.  So,  if  a piece  of  wood  be 
immerfed  in  a jar  of  water,  the  wood  will  rife  to 
the  top  of  the  water,  becaufe  it  has  a lefs  degree 
of  weight  than  its  bulk  of  water  has : but  if  the 
jar  be  emptied  of  water,  the  wood  falls  to  the 
bottom. 
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Gravity  As  every  particle  of  matter  has  its  proper 
demon-  gravity,  the  effect  of  the  whole  muff  be  in  pro- 
b^asthe  Porlaon  t0  t^ie  number  of  the  attracting  particles ; 
quantity  t^at'  as  t^le  quantity  of  matter  in  the  whole 
of  matter  body.  This  is  demonftrable  by  experiments  on 
in  bodies  pendulums  ; for,  if  they  are  of  equal  lengths, 
whatever  their  weights  be,  they  vibrate  in  equal 
times.  Now  it  is  plain,  that  if  one  be  double  or 
, triple  the  weight  of  another,  it  mull  require  a 
double  or  triple  power  pf  gravity  to  make  it 
move  with  the  fame  celerity  : juft  as  it  would 
require  a double  or  triple  force  to  project  a bul- 
let of  twenty  or  thirty  pounds  weight,  with  the 
fame  degree  of  fwiftnefs  that  a bullet  of  ten 
pounds  would  require.  Hence  it  is  evident, 
that  the  power  or  force  of  gravity  is  always  pro* 
portional  to  the  quantity  of  matter  in  bodies, 
whatever  their  bulks  or  figures  are. 

It  de-  Gravity  alfo,  like  all  other  virtues  or  emana- 
creafesas  tions  which  proceed  or  ilfue  from  a center,  de- 
ofetheUare  crea^es  as  diftance  multiplied  by  itlelf  in- 
diftance  : tfcat  is,  a body  at  twice  the  diftance  of 

increafes.  another,  attracts  with  only  a fourth  part  of  the 
force  ; at  thrice  the  diftance,  with  a ninth  part ; 
at  four  times  the  diftance,  with  a fixteenth  part ; 
and  fo  on.  This  too  is  confirmed  by  comparing 
the  diftance  which  the  moon  falls  in  a minute, 
from  a right  line  touching  her  orbit,  with  the 
diftance  through  which  heavy  bodies  near  the 
earth  fall  in  that  time.  And  alfo  by  comparing 
the  forces  which  retain  Jupiter’s  moons  in  their 
orbits,  with  their  refpe&ive  diftances  from  Jupi- 
ter. Thefe  forces  will  be  explained  in  the  next 
lecture. 

The  velocity  which  bodies  near  the  earth  ac- 
quire in  defeending  freely  by  the  force  of  gravity, 
is  proportional  to  the  times  of  their  deicent. 

For, 
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For,  as  the  power  of  gravity  does  not  confift  in 
a fingle  impuife,  but  is  always  operating  in  a 
conftant  and  uniform  manner,  it  muft  produce 
equal  effe&s  in  equal  times  ; and  confequently 
in  a double  or  triple  time,  a double  or  triple  ef- 
fect. And  fo',  by  acting  uniformly  on  the  body, 
muft  accelerate  its  motion  proportionably  to  the 
time  of  its  defcent. 

To  be  a little  more  particular  on  this  fubjeft, 
let  us  fuppofe  that  a body  begins  to  move  with 
a celerity  conftantly  and  gradually  increafing,  in 
fuch  a manner,  as  would  carry  it  through  a mile 
in  a minute  ; at  the  end  of  this  fpace  it  will  have 
acquired  fuch  a degree  of  celerity,  as  is  fufficient 
to  carry  it  twcv  miles  the  ne^t  minute,  though  it 
fhould  then  receive  no  new  impuife  from  the 
caufe  by  which  its  motion  had  been  accelerated  ; 
but  if  the  fame  accelerating  caufe  continues,  it 
will  carry  the  body  a mile  farther  ; on  which 
account,  it  will  have  run  through  four  miles  at 
the  end  of  two  minutes  ; and  then  it  will  have 
acquired  fuch  a degree  of  celerity,  as  is  fufficient 
to  carry  it  through  a double  fpace  in  as  much 
more  time,  or  eight  miles  in  two  minutes,  even 
though  the  accelerating  force  fhould  act  upon  it 
no  more.  But  this  force  (till  continuing  to  ope- 
rate in  an  uniform  manner,  will  again,  in  an  ' 

equal  time,  produce  an  equal  effeft  ; and  fo,  by 
carrying  it  a mile  further,  caufe  it  to  move 
through  five  miles  the  third  minute  ; for,  the 
celerity  already  acquired,  and  the  celerity  ftill 
acquiring,  will  have  each  its  complete  effedt. 

Hence  we  learn,  that  if  the  body  fhould  move 
one  mile  the  firft  minute,  it  would  move  three 
miles  the  fecond,  five  the  third,  feven  the  fourth, 
nine  the  fifth,  and  fo  on  in  proportion, 
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And  thus  it  appears,  that  the  fpaces  defcribed 
in  fucceflive  equal  parts  of  time,  by  an  uniformly 
aceelerated  motion,  are  always  as  the  odd  num- 
bers i,  3,  5,  7,  9,  &c.  and  confequently,  the 
whole  fpaces  are  as  the  fquares  of  the  times,  or  of 
the  laft  acquired  velocities.  For,  the  continued 
addition  of  the  odd  numbers  yields  the  fquares 
of  all  numbers  from  unity  upward.  Thus,  1 is 
the  firft  odd  number,  and  the  fquare  of  1 is  1 -y 
3 is  the  fecond  odd  number,  and  this  added  to 
1 makes  4,  the  fquare  of,  2 ; 5 is  the  third  odd 
number,  which  added  to  4 makes  9,  the  fquare 
of  3 ; and  fo  on  for  ever.  Since,  therefore,  the 
times  and  velocities  proceed  evenly  and  con- 
flantly,  as  1,2,  3,  4,  &c.  but  the  fpaces  defcribed 
in  each  equal  times  are  as  1,  3,  5,  7,  &c.  it  is 
evident  that  the  fpace  defcribed 

In  1 minute  will  be  - - - 1 zrfquare  of  1 
In  2 minutes  - - 1+3=:  4=fquare  of  2 
In  3 minutes  - 14-34-5—  9=fquare  of  3 
In 4 minutes  14-34-54-7=2:16 —fquare  of  4,  &c. 

N.  B.  The  chara&er  4“  fignifies  more , and  — 
equal. 

The  de-  As  heavy  bodies  are  uniformly  accelerated  by 
feending  the  power  of  gravity  in  their  defeent,  it  is  plain 
velocity  tjiat  tjley  muft  be  uniformly  retarded  by  the 
T fame  power  in  their  afeent.  Therefore,  the  ve- 

of  equal  locity  which  a body  acquires  by  falling,  is  lut- 
afeent.  ficient  to  carry  it  up  again  v to  the  fame  height 
from  whence  it  fell : allowance  being  made  for 
the  refinance  of  the  air,  or  other  medium  in 
Fig-  2.  yvhich  the  body  is  moved.  Thus,  the  body  D 
in  rolling  down  the  inclined  plane  A B will 
acquire  l'uch  a velocity  by  the  time  it  arrives  at 

B,  as . 
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B,  as  will  carry  it  up  the  inclined  plane  BC , al- 
mofl  to  C";  and  would  carry  it  quite  up  to  C,  if 
the  body  and  plane  were  perfe&ly  fmooth,  and 
the  air  gave  no  refiftance. — So,  if  a pendulum 
were  put  into  motion,  in  a fpace  quite  free  of 
air,  and  all  other  refiftance,  and  had  no  fri&ion 
on  the  point  of  fufpenfion,  it  would  move  for 
ever : for  the  velocity  it  had  acquired  in  falling 
through  the  defeending  part  of  the  arc,  would 
be  ftill  fufficient  to  carry  it  equally  high  in  the 
afeending  part  thereof. 

The  center  of  gravity  is  that  point  of  a body  The  cen- 
in  which  the  whole  force  of  its  gravity  or  weight  t(g  ofgra* 
is  united.  Therefore,  whatever  fupports  that  'llJ’ 
point,  bears  the  weight  of  the  whole  body  : and 
while  it  is  fupported,  the  body  cannot  fall ; be- 
caufe  all  its  parts  are  in  a perfect  equilibrium 
about  that  point. 

An  imaginary  line  drawn  from  the  center  of 
gravity  of  any  body  toward  the  centre  of  the 
earth,  is  called  the  line  of  (Predion,  In  this  line  and  line 
all  heavy  bodies  defeend,  if  not  obftrutted.  <iirec- 

Since  the  whole  weight  of  a body  is  united  in 
its  center  of  gravity,  as  that  centre  afeends  or 
defeends,  we  muft  look  upon  the  whole  body  to 
do  fo  too.  But  as  it  is  contrary  to  the  natm  e of 
heavy  bodies  to  afeend  of  their  own  accord,  or 
not  to  defeend  when  they  are  permitted  ; we 
may-  be  fure,  that,  unlefs  the  center  of  gravity 
be  fupported,  the  whole  body  will  tumble  or 
fall.  Hence  it  is,  that  bodies  Hand  upon  their 
bafes  when  the  line  of  direction  falls  within'  the 
bafe  ; for  in  this  cafe  the  body  cannot  be  made 
to  fall,  without  firft  railing  the  center  of  gravity 
higher  than  it  was  before.  Thus,  the  inclining 
body  A BCD,  whofe  center  of  gravity  is  * E , Fig.  $. 
ffands  firmly  on  its  bafe  CDIK , becaufe  the  line 

of 
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of  direction  EF  falls  within  the  bafe.i  But  if  a 
weight,  as  ABGH , be  laid  upon  the  top  of  the 
body,  the  center  of  gravity  of  the  whole  body 
and  weight  together  is  raifed  up  to  /;  and  then, 
as  the  line  of  direction  ID  falls  without  the 
bafe  at  Z),  the  center  of  gravity  I is  not  fup- 
ported  ; and  die  whole  body  and  weight  tumble 
down  together. 

Hence  appears  the  abfurdity  of  people’s  rifing 
haftily  in  a coach  or  boat  when  it  is  likely  to 
overfet : for,  by  that  means  they  raife  the  cen- 
ter of  gravity  fo  far  as  to  endanger  throwing  it 
quite  out  of  the  bafe ; and  if  they  do,  they 
overfet  the  vehicle  effectually.  Whereas,  had 
they  clapt  down  to  the  bottom,  they  would 
have  brought  the  line  of  direction,  and  confe- 
quently  the  center  of  gravity,  farther  within  the 
bafe,  and  by  that  means  might  have  faved  them- 
felves.  r 

The  broader  the  bafe  is,  and  the  nearer  the 
line  of  direction  is  to  the  middle  or  centre  of  it, 
the  more  firmly  does  the  body  ftand.  On  the 
contrary,  the  narrower  the  bafe,  and  the  nearer 
the  line  of  direction  is  to  the  fide  of  it,  the  more 
eafily  may  the  body  be  overthrown,  a lefs  change 
of  pofition  being  fufficient  to  remove  the  line 
of  direction  out  of  the  bafe  in  the  latter  cafe 
than  in  the  former.  And  hence  it  is,  that  a 
iphere  is  fo  eafily  rolled  upon  a horizontal  plane; 
and  that  it  is  fo  difficult,  if  not  impoffible,  to 
make  things  which  are  ffiarp-pointed  to  ftand 
upright  on  the  point. — From  what  hath  been 
faid,.it  plainly  appears,  that  if  the  plane  be  in- 
clined on  which  the  heavy  body  is  placed,  the 
body  will  Hide  down  upon  the  plane  while  the 
line  of  direction  falls  within  the  bafe ; but  it  will 
tumble  or  roll  down  when  that  line  falls  without 

the 
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the  bafe.  Thus,  the  body  A will  only  Aide  Fig.  4. 
down  the  inclined  plane  CD,  while  the  body  B 
rolls  down  upon  it. 

When  the  line  of  direction  falls  within  the 
bafe  of  our  feet  we  ftand  ; and  moll  firmly  when 
it  is  in  the  middle  : but  when  it  is  out  of  that 
bafe,  we  immediately  fall.  And  it  is  not  only 
pleafing,  but  even  furprifmg,  to  refleft  upon  the 
various  and  unthought-of  methods  and  poftures 
which  we  ufe  to  retain  this  pofition,  or  to  reco- 
ver it  when  it  is  loft.  For  this  purpofe  we  bend 
our  body  forward  when  we  rife  from  a chair,  or 
when  we  go  up  flairs  : and  for  this  purpofe  a 
man  leans  forward  when  he  carries  a burden  on 
his  back,  and  backward  when  he  carries  it  on 
his  bread  ; and  to  the  right  or  left  fide  as  he  car- 
ries it  on  the  oppofite  fide.  A thoufand  more 
inftances  might  be  added. 

The  quantity  of  matter  in  all  bodies  is  in  ex- 
aft  proportion  to  their  weights,  bulk  for  bulk. 
Therefore,  heavy  bodies  are  as  much  more  denfe 
or  compact  than  light  bodies  of  the  fame  bulk, 
as  they  ekceed  them  in  weight. 

All  bodies  are  full  of  pores,  or  fpaces  void  of  AH  bo- 
matter:  and  in  gold,  which  is  the  heavieft  0fdiesP°* 
all  known  bodies,  there  is  perhaps  a greater  imis’ 
quantity  of  fpace  than  of  matter.  For  the  parti- 
cles of  heat  and  magnetifm  find  an  eafy  paflage 
through  the  pores  of  gold  ; and  even  water  itfelf 
has  been  forced  through  them.  Befides,  if  we 
confider  how  eafily  the  rays  of  light  pafs  through 
fo  folid  a body  as  glafs,  in  all  manner  of  direc- 
tions, we  fliall  find  reafon  to  believe  that  bodies 
are  much  more  porous  than  is  generally  ima- 
gined. 

All  bodies  are  fome  way  or  other  affefted  by  Tlie  ex- 
heat ; and  all  metallic  bodies  are  expanded  in  Pan*'1.on  ot 

length, 


1 6 Of  the  Properties  of  Matter . 

length,  breadth,  and  thicknefs  thereby  .^-The 
proportion  of  the  expanfion  of  feveral  metals, 
according  to  the  bell  experiments  I have  been 
able  to  make  with  my  pyrometer,  is  nearly  thus : 
Iron  and  (feel,  as  3,  copper  4 and  a half,  brafs  5, 
tin  6,  lead  7.  An  iron  rod  3 feet  long  is  about 
one  70th  part  of  an  inch  longer  in  fummer  than 
in  winter. 

The  py-  The  pyrometer  here  mentioned  being  (for 

rometer.  aUght  I know)  of  a new  conftruttion,  a de- 
fcription  of  it  may  perhaps  be  agreeable  to  the 
reader. 

Fig.  5.  ' AA  is  a flat  piece  of  mahogany,  in  which  are 

fixed  four  brafs  fluds  B,C,D,L,  and  two  pins, 
one  at  F and  the  other  at  H.  On  the  pin  F 
turns  the  crooked  index  A/,  and  upon  the  pin 
H the  flraight  index  GK,  againft  which  a piece 
of  watch-fpring  R bears  gently,  and  fo  prefles 
it  toward  the  beginning  of  the  fcale  MN,  over 
which  the  point  of  that  index  moves.  This 
fcale  is  divided  into  inches  and  tenth  parts  of  an 
inch  : the  firfl  inch  is  marked  1000,  the  fecond 
2000,  and  fo  on.  A bar  of  metal  0 is  laid  into 
notches  in  the  top  of  the  fluds  C and  D ; one 
end  of  the  bar  bearing  againfl  the  adjufting 
fcrew  P,  and  the  other  end  againfl  the  crooked 
index  El,  at  a 20th  part  of  its  length  .from  its 
centre  of  motion  F. — Now  it  is  plain,  that  how- 
ever much  the  bar  0 lengthens,  it  will  move 
that  part  of  the  index  E I,  againft  which  it  bears, 
juft  as  far  : but  the  crooked  end  of  the  fame 
index,  near  H,  being  20  times  as  far  from  the 
center  of  motion  F,  as  the  point  is  againft 
which  the  bar  bears,  it  will  move  20  times  as 
far  as  the  bar  lengthens.  And  as  this  crooked 
end  bears  againft  the  index  GK  at  only  a 20th 
part  of  the  whole  length  GS  from  its  center  of 
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motion  H,  the  point  S will  move  through  20 
times  the  fpace  that  the  point  of  bearing 'near  H 
does.  Hence,  as  20  multiplied  by  20  produces 
400,  it  is  evident  that  if  the  bar  lengthens  but 
a 400th  part  of  an  inch,  the  point  S will  move  a 
whole  inch  on  the  fcale  ; and  as  every  inch  is 
divided  into  10  equal  parts,  if  the  bar  lengthens 
but  the  10th  part  of  the  400th  part  of  an  inch, 
which  is  only  the  400th  part  of  an  inch,  the 
point  S will  move  the  tenth  part  of  an  inch, 
which  is  very  perceptible. 

To  find  how  much  a bar  lengthens  by  heat, 
firfl  lay  it  cold  into  the  notches  of  the  fhids,  and 
turn  the  adjufting  lcrew  P until  the  fpring  R 
brings  the  point  S of  the  index  GK  to  the  be- 
ginning of  the  divifions  of  the  fcale  at  M : then, 
without  altering  the  fcrew  any  farther,  take  off 
the  bar,  and  rub  it  with  a dry  woollen  cloth  till 
it  feels  warm  ; and  then,  laying  it  on  "where  it 
was,  obferve  how  far  it  puflies  the  point  S upon 
the  fcale  by  means  of  the  crooked  index  El ; 
and  the  point  S will  (hew  exactly  how  much  the 
bar  has  lengthened  by  the  heat  of  rubbing.  As 
the  bar  cools,  the  fpring  R bearing  againff  the 
index  KG , will  caufe  its  point  S to  move  gra- 
dually back  toward  M in  the  fcale  : and  when 
the  bar  is  quite  cold,  the  index  will  reft  at  M, 
where  it  was  before  the  bar  was  made  warm  by 
rubbing.  The  indexes  have  fmall  rollers  under 
them  at  I and  K ; which,  by  turning  round  on 
the  fmooth  wood  as  the  indexes  move,  make 
their  motions  the  eafier,  by  taking  off  a great 
part  of  the  fri&ion,  which  would  otherwiie  be 
on  the  pins  F and  H , and  of  the  points  of  the 
indexes  themfclves  on  the  wood. 

Befide  the  univerfal  properties  above  men-  Mairrrieti 
tioned,  there  are  bodies  which  have  properties  ifm,° 
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peculiar  to  themfelves : fuch  as  the  loadftone,  in 
which  the  molt  remarkable  are  thefe  : i.  It  at- 
tracts iron  and  fteel  only.  2.  It  conftantly  turns 
one  of  its  Tides  to  the  north  and  another  to  the 
fouth,  when  fufpended  by  a thread  that  does  not 
twill.  3.  It  communicates  all  its  properties  to 
a piece  of  fteel  when  rubbed  upon  it,  without 
lofing  any  itfelf. 

According  to  Dr.  Heljham’s  experiments,  the 
attraction  of  the  loadftone  decreafes  as  the  fquare 
of  the  diftance  increafes.  , Thus,  if  a loadftone 
be  fufpended  at  one  end  of  a balance,  and  coun- 
terpoised by  weights  at  the  other  end,  and  a 
flat  piece  of  iron  be  placed  beneath  it,  at  the 
diftance  of  four  tenths  of  an  inch,  the  flone  will 
immediately  defcend  and  adhere  to  the  iron. 
But  if  the  (tone  be  again  removed  to  the  fame 
diftance,  and  as  many  grains  be  put  into  the 
fcale  at  the  other  end  as  will  exaCUy  counterba- 
lance the  attraction,  then,  if  the  iron  be  brought 
twice  as  near  the  (tone  as  before,  that  is,  only 
two  tenth  parts  of  an  inch  from  it,  there  mufl  be 
four  times  as  many  grains  put  into  the  fcale  as 
before,  in  order  to  be  a juft  counterbalance  to 
the  attractive  force,  or  to  hinder  the  ftone  from 
defcending  and  adhering  to  the  iron.  So,  if  four 
grains  will  do  in  the  former  cafe,  there  mufl  be 
fixteen  in  the  latter.  But  from  fome  later  ex- 
periments, made  with  the  great  eft  accuracy,  it 
is  found  that  the  force  of  magnetifm  decreafes 
in  a ratio  between  the  reciprocal  of  the  fquare 
and  the  reciprocal  of  the  cube  of  the  diftance ; 
approaching  to  the  one  or  the  other,  as  the  mag- 
nitudes of  the  attracting  bodies  are  varied. 

Several  bodies,  particularly  amber,  glafs,  jet, 
fealingrwax,  agate,’  and  almoft  all  precious 
ftones,  have  a peculiar  property  of  attracting 
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and  repelling  light  bodies  when  heated  by  rub- 
bing. This  is  called  electrical  attraction , in  • 
which  the  chief  things  to  be  obferved  are,  1.  If 
a glafs  tube  about  an  inch  and  a half  diameter, 
and  two  or  three  feet  long,  be  heated  by  rub- 
bing, it  will  alternately  altraCl  and  repel  all  light 
bodies  when  held  near  them.  2.  It  does  not 
attraCl  by  being  heated  without  rubbing. 

3.  Any  light  body,  being  once  repelled  by  the 
tube,  will  never  be  attracted  again  till  it  has 
touched  fome  other  body.  4.  If  the  tube  be 
rubbed  by  a moift  hand,  or  any  thing  that  is 
wet,  it  totally  deftroys  the  electricity.  5.  Any 
body,  except  air,  being  interpofed,  flops  the 
eleftricity.  6.  The  tube  attracts  ftronger  when 
rubbed  over  with  bees-wax,  and  then  with  a dry 
woollen-cloth.  7.  When  it  is  well  rubbed,  if 
a finger  be  brought  near  it,  at  about  the  diftance 
O'f  half  an  inch,  the  effluvia  will  fnap  againft  the 
finger,  and  make  a little  crackling  noife ; and 
if  this  be  performed  in  a dark  place,  there  will 
appear  a little  flaffl  of  light. 

LECT.  II. 

Of  central  Forces. 

WE  have  already  mentioned  it  as  a necef-  All  bodies 
fary  confequence  arifing  from  the  dead-  equally 
nefs  or  inactivity  of  matter,  that . all  bodies 
endeavour  to  continue  in  the  ftate  they  are  in, ent  -° 
whether  of  reft  or  motion.  If  the  body  A were  °T 
placed  in  any  part  of  free  fpace,  and  nothing  Plate  II, 
either  drew  or  impelled  it  any  way,  it  would  for  Fi&-  *• 
ever  1 emain  in  that  part  of  fpace,  becaufe  it 
could  have  no  tendency  of  itfelf  to  remove  any 
way  from  thence.  If  it  receives  a fingle  im- 
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pulfe  any  way,  as  fuppofe  from  A toward  i?,  it 
wili  go  on  in  that  direction  ; for,  of  itfelf,  it 
could  never  fwerve  from  a right  line,  nor  flop 
its  courfe.— When  it  has  gone  through  the  fpace 
AB , and  met  with  no  refiflance,  its  velocity 
will  be  the  fame  at  B as  it  was  at  A ; and  this 
velocity,  in  as  much  more  time,  will  carry  it 
through. as  much  more  fpace,  from  B to  C;  and 
fo  on  for  ever.  Therefore,  when  we  fee  a body 
in  motion,  we  conclude  that  fome  other  fub- 
ftance  mufl  have  givbn  it  that  motion  ; and  when 
tye  fee  a body  fall  from  motion  to  reft,  we  con- 
clude that  fome  other  body  or  caufe  ftopt  it. 

As  all  motion  is  naturally  rectilineal,  it  ap- 
pears, that  a bullet  projected  by  the  hand,  or 
fliot  from  a cannon,  would  for  ever  continue  to 
move  in  the  fame  direction  it  received  at  firft,  if 
no  other  power  diverted  its  courfe.  Therefore 
when  we  fee  a body  move  in  a curve  of  any  kind 
whatever,  we  conclude  it  muft  be  aCted  upon  by 
two  powers  at  lead  ; one  putting  it  in  motion, 
and  another  drawing  it  off  from  the  reCtilineal 
courfe  it  would  otherwife  have  continued  to 
move  in  : and  whenever  that  power,  which  bent 
the  motion  of  the  body  from  a ftraight  line  into 
a curve,  ceafes  to  aCt,  the  body  will  again  move 
on  in  a ftraight  line  touching  that  point  of  the 
curve  in  which  it  was  when  the  aCtion  of  that 
power  ceafed.  For  example,  a pebble  moved 
round  in  a fling  ever  Jo  long  a time,  will  fly  off 
the  moment  it  is  fet  at  liberty,  by  flipping  one 
end  of  the  fling  cord  : and  will  go  on  in  a line 
touching  the  circle  it  defcribed  before  : which 
line  would  actually  be  a ftraight . one,  if  the 
earth’s  attraction  did  not  affeCt  the  pebble,  and 
bring  it  down  to  the  ground.  This  fhews  that 
the  natural  tendency  of  the  pebble,  when  put 
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into  motion,  is  to  continue  moving  in  a ftifaight 
line,  although  by  the  force  that  moves  the  fling 
it  be  made  to  revolve  in  a circle.  . ; 

The  change  of  motion  produced  is  in  pro-  The  *T- 
portion  to  the  force  imprefled  : for  the  effe&s 
of  natural  caufes  are  always  proportionate  to  the  forces. 
force  or  power  of  thofe  caufes. 

By  thefe  laws  it  is  eafy  to  prove  that  a body 
will  defcribe  the  diagonal  of  a fquare  or  pa- 
rallelogram, by  two  forces  conjoined,  in  the 
fame  time  that  it  would  defcribe  either  of  the 
Aides,  by  one  force  flngly.  Thus,  fuppofe  the 
body  A to  reprefent  a fliip  at  fea  ; and  that  it  is  Fig.  2. 
driven  by  the  wind,  in  the  right  line  AB , with 
fuch  a force  as  would  carry  it  uniformly  from  A 
to  B in  a minute  : then  fuppofe  a dream  or  cur- 
rent of  water  running  in  the  direction  AD,  with 
fuch  a force  as  would  carry  the  fliip  through  an 
equal  fpace  from  A to  D in  a minute.  By  thefe 
two  forces,  adling  together  at  right  angles  to 
each  other,  the  fliip  will  defcribe  the  line  AEC 
in  a minute  : which  line  (becaufe  the  forces  are 
equal  and  perpendicular  to  each  other)  will  be 
the  diagonal  of  an  exa£t  fquare.  To  confirm 
this  law  by  an  experiment,  let  there  be  a wooden 
fquare  A BCD  fo ‘contrived,  as  to  have  the  part  Fw.  ^ 
BEFC  made  to  draw  out  or  pufh  into  the  fquare 
at  pleafure.  To  this  part  let  the  pulley  H be 
joined,  fo  as  to  turn  freely  on  an  axis,  which 
will  be  at  H when  the  piece  is  puflied  in,  and 
at  h when  it  is  drawn  out.  to  this  part  let  the 
ends  of  a flraight  wire  k be  fixed,  fo  as  to  move 
along  with  it,  under  the  pulley  ; and  let  the  ball 
G be  made  to  Aide  eafily  on  the  wire.  A thread 
m ^ fixed  to  this  ball,  and  goes  over  the  pulley 
to  7;  by  this  thread  the  ball  may  be  drawn  up 
on  the  wire,  parallel  to  the  fide  AD,  when  the 
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part  BEFC  is  pufhed  as  far  as  it  will  go  into 
the  fquare.  But,  if  this  part  be  drawn  out,  it 
will  carry  the  ball  along  with  it’  parallel  to  the 
bottom  of  the  fquare  DC.  By  this  means,  the 
ball  G may  either  be  drawn  perpendicularly  up- 
ward by  pulling  the  thread  m,  or  moved  hori- 
zontally along  by  pulling  out  the  part  BEFC , 
in  equal  times,  and  through  equal  fpaces ; each 
power  afting  equally  and  feparately  upon  it. 
But  if,  when  the  ball  is  at  G,  the  upper  end  of 
the  thread  be  tied  to  the  pin  /,  in  the  corner  A 
of  the  fixed  fquare,  and  the  moveable  part 
BEFC  be  drawn  out,  the  ball  will  then  be  afted 
upoii  by  both  the  powers  together ; for  it  will 
be  drawn  up  by  the  thread  toward  the  top  of 
the  fquare,  and  at  the  fame  time  be  carried  with 
its  wire  k toward  the  right  hand  BC , moving 
all  the  while  in  the  diagonal  line  L ; and  will  be 
found  at  g when  the  Aiding  part  is  drawn  out  as 
far  as  it  was  before  ; which  then  will  have  caufed 
the  thread  to  draw  up  the  ball  to  the  top  of  the 
infide  of  the  fquare,  juft  as  high  as  it  was  before, 
when  drawn  up  fingly  by  the  thread  without 
moving  the  Aiding  part. 

If  the  afting  forces  are  equal,  but  at  oblique 
angles  to  each  other,  fo  will  the  Aides  of  the 
parallelogram  be  : and  the  diagonal  run  through 
by  the  moving  body  will  be  longer  or  Aiorter, 
according  as  the  obliquity  is  greater  or  fmaller. 
Thus,  if  two  equal  forces  a£t  conjointly  upon  the 
Fig.  4.  body  A , one  having  a tendency  to  move  it 
through  the  fpace  AB  in  the  fame  time  that  the 
other  has  a tendency  to  move  it  through  an  equal 
fpace  AD  ; it  will  defcribe  the  diagonal  AGO 
in  the  fame  time  that  either  of  the  Angle  forces 
would  have  caufed  it  to  defcribe  either  of  the 
fideS.  If  one  of  the  forces  be  greater  than  the 
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other,  then  one  fide  of  the  parallelogram  will  be 
fo  much  longer  than  the  other.  For,  if  one  force 
fingly  would  carry  the  body  through  the  fpace 
AE , in  the  fame  time  that  the  other  would  have 
carried  it  through  the  fpace  AD , the  joint  aCtion 
of  both  will  carry  it  in  the  fame  time  through 
the  fpace  AHF , which  is  the  diagonal  of  the 
oblique  parallelogram  ADEF. 

If  both  forces  aft  upon  the  body  in  fuch  a 
manner,  as  to  move  it  uniformly,  the  diagonal 
defcribed  will  be  a fhraight  line  ; but  if  one  of 
the  forces  aCts  in  fuch  a manner  as  to  make  the 
body  move  falter  and  falter,  then  the  line  de- 
fcribed will  be  a curve.  And  this  is  the  cafe  of 
all  bodies  which  are  projected  in  rectilineal  di- 
rections, and  at  the  fame  time  acted  upon  by  the 
power  of  gravity ; which  has  a conltant  tendency 
to  accelerate  their  motions  in  the  direction  where- 
in it  aCts. 

From  the  uniform  projeCtile  motion  of  bodies  The  bw« 
in  Itraight  lines,  and  the  univerfal  power  of  gravity  °f 
or  attraction,  arifes  the  curvilineal  motion  of  all  plail.eUry 
the  heavenly  bodies.  If  the  body  A be  projected  motlonw 
along  the  ftraight  line  AFH  in  open  fpace,  Fig.  5. 
where  it  meets  with  no  refiltance,  and  is  not 
drawn  afide  by  any  power,  it  will  go  on  for 
ever  with  the  fame  velocity,  and  in  the  fame 
direction.  But  if,  at  the  fame  moment,  the 
projeCtile  force  is  given  it  at  A , the  body  £ be- 
gins to  attract  it  with  a force  duly  adjulted  *, 
and  perpendicular  to  its  motion  at  A , it  will  then 
be  drawn  from  the  Itraight  line  AFH , and  forced 

■ * .r^'°  make  the  projedtile  force  a juft  balance  to  the 
gravitating  power,  fo  as  to  keep  the  planet  moving  in  a 
circle,  it  mult  give  fuch  a velocity  as  the  planet  would  ac- 
quire by  gravity,  when  it  had  fallen  through  half  the  femi- 
diameter  of  that  circle. 
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to  revolve  about  S in  the  circle  ATW ; in  the 
fame  manner,  and  by  the  fame  law,  that  a peb- 
ble is  moved  round  in  a fling.  And  if,  when 
the  body  is  in  any  part  of  its  orbit  (as  fuppofe 
at  K)  a fmaller  body  as  L,  within  the  fphere  of 
attra&ior.  of  the  body  A,  be  projected  in  the 
right  line  LM,  with  a force  duly  adjufted,  and 
perpendicular  to  the  line  of  attraction  LK  ; then, 
the  fmall  body  L will  revolve  about  the  large 
body  K in  the  orbit  NO,  and  accompany  it  in 
its  whole  courfe  round  the  yet  larger  body  S. 
But  then,  the  body  K will  no  longer  move  in 
the  circle  ATW ; for  that  circle  will  now  be 
deferibed  by  the  common  center  of  gravity  be- 
tween K and  L.  Nay,  even  the  great  body  S 
will  not  keep  in  the  center  ; for  it  will  be  the 
common  center  of  gravity  between  all  the  three 
bodies  S,  K,  and  L,  that  will  remain  immove- 
able there.  So,  if  we  fuppofe  S and  K connefted 
by  a wire  P that  has  no  weight,  and  K and  L 
conne-Ted  by  a wire  q that  has  no  weight,  the 
common  center  of  gravity  of  all  the!*  three 
bodies  will  be  a point  in -the  wire  P near  S ; 
which  point  being  fupported,  the  bodies  will  be 
“all  in  equilibria  as  they  move  round  it.  Though 
indeed,  ftridtly  fpeaking,  the  common  center  of- 
gravity  of  all  the  three  bodies  will  not  be  in  the 
wire  P but  when  thefe  bodies  are  all  in  the  right 
* line.  Here  S may  reprefent  the  fun,  K the 
earth,  and  L the  moon. 

In  order  to  form  an  idea  ■ of  the  curves  de- 
feribed by  two  bodies  revolvmg  about  their  com- 
mon center  of  gravity,  while  they  themfelves 
with  a third  body  are  in  motion  round  the  com- 
mon center  of  gravity  of  ail  the  three  ; let 
Plate  III.  us  fir'd  fuppofe  E to  bev  the  fun,  and  e the 
earth  going  round  him  without  any  moon  ; and 
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their  moving  forces  regulated  as  above.  In 
this  cafe,  while  the  earth  goes  round  the  fun  in 
the  dotted  circle  RTUWX , &c.  the  fun  will  The 
go  round  the  circle  ABD , whofe  center  C is  bribed tr 
the  common  center  of  gravity  between  the  fun 
and  earth  : the  right  line  <3  reprefenting  the  volving 
mutual  attraction  between  them,  by  which  they  about 
are  as  firmly  connected  as  if  they  were  fixed  at their 
the  two  ends  or  an  iron  bar  ltrong  enough  to  center  0f 
hold  them.  So,  when  the  earth  is  at  e,  the  fun  gravity, 
will ’be  at  E ; when  the  earth  is  at  T,  the  fun  will 
be  at  F;  and  when  the  earth  is  at  g,  the  fun  will 
be  at  G,  &c. 

Now,  let  us  take  in  the  moon  q (at  the  top  of 
the  figure)  and  fuppofe  the  earth  to  have  no  pro- 
greffive  motion  about  the  fun  ; in  which  cafe, 
while  the  moon  revolves  about  the  earth  in  her 
orbit  Si'lBCID,  the  earth  will  revolve  in  the 
circle  S 13,  whofe  center  R is  the  common  cen- 
ter of  gravity  of  the  earth  and  moon  ; they  be- 
ing connected  by  the  mutual  attraction  between 
them  in  the  fame  manner  as  the  earth  and  fun 
are. 

But  the  truth  is,  that  while  the  moon  revolves 
about  the  earth,  the  earth  is  in  motion  about 
the  fun ; and  now,  the  moon  will  caufe  the 
earth  to  defcribe  an  irregular  curve,  and  not  a 
true  circle,  round  the  fun  ; it  being  the  common 
center  of  gravity  of  the  earth  and  moon  that  will 
then  defcribe  the  fame  circle  which  the  earth 
would  have  moved  in,  if  it  had  not  been  at- 
tended by  a moon.  For,  fuppofing  the  moon 
to  defcribe  a quarter  of  her  progreflive  orbit 
about  the  earth  in  the  time  that  the  earth  moves 
fiom  e to  jf;  it  is  plain,  that  when  the  earth 
comes  to  f the  moon  will  be  found  at  r ; in 
which  time,  their  common  center  of  gravity 
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will  have  defcribed  the  dotted  arc  R i T,  the 
earth  the  curve  R 5 f and  the  moon  the  curve 
q 14  r.,  In  the  time  that  the  moon  defcribes 
another  quarter  of  her  orbit,  the  center  of  gra- 
vity of  the  earth  and  moon  will  defcribe  the  dot- 
ted arc  T 1 U,  the  earth  the  curve  f 6 g,  the 
moon  the  curve  r 15  s,  and  fo  on — And  thus, 
while  the  moon  goes  once  round  the  earth  in 
her  progreffive  orbit,  their  common  center  of 
gravity  defcribes  the  regular  portion  of  a circle 
R 1 T a U 3 V 4 W,  the  earth  the  irregular  curve 
R^f6gyhSi,  and  the  moon  the  yet  more 
irregular  curve  q 14  r 15  j 16  t 17  u 5 and  then, 
the  fame  kind  of  tracks  over  again. 

The  center  of  gravity  of  the  earth  and  moon  is 
6000  miles  from  the  earth’s  center  toward  the 
moon  : therefore  the  circle  S 13  which  the  earth 
defcribes  round  that  center  of  gravity  (in  every 
courfe  of  the  moon  round  her  orbit)  is  12,000 
miles  in  diameter.  Confequently  the  earth  is 
12,000  miles  nearer  ithe  fun  at  the  time  of  full 
moon  than  at  the  time  of  new.  [See  the  earth 
at  f and  at  h.~\ 

To  avoid  confufion  in  fo  fmall  a figure,  we 
have  fuppofed  the  moon  to  go  only  twice  and  a 
half  round  the  earth,  in  the  time  that  the  earth 
goes  once  round  the  fun  : it  being  impoffible  to 
take  in  all  the  revolutions  which  file  makes  in  a 
year,  and  to  give  a true  figure  of  her  p?,th,  un- 
lefs  we  fhould  make  the  femidiameter  of  the 
earth’s  orbit  at  lead  95  inches ; and  then,  the 
proportional  femidiameter  of  the  moon’s  orbit 
would  be  only  a quarter  of  an  inch. — For  a true 
figure  of  the  moon’s  path,  I refer  the  reader  to 
pay  treatife  of  aftronomy. 

If  the  moon  made  any  complete  number  of 
revolutions  about  the  earth,  in  the  time  that  the 
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earth  makes  one  revolution  about  the  fun,  the 
paths  of  the  fun  and  moo'n  would  return  into 
themfelves  at  the  end  of  every  year  ; and  fo  be 
the  fame  over  again  j but  they  return  not  into 
themfelves  in  lels  than  1 9 years  nearly  ; in  which 
time,  the  earth  makes  nearly  1 9 revolutions  about 
the  fun,  and  the  moon  235  about  the  earth. 

If  the  planet  A be  attracted  toward  the  fun,  p]ate 
with  fuch  a force  as  would  make  it  fall  from  A f,v.  5.  ’ 
to  B,  in  the  time  that  the  proje&ile  impulfe 
would  have  carried  it  from  A to  F,  it  will  de- 
fcribe  the  arc  AG  by  the  Combined  adtion  of  thefe  a double 
forces,  in  the  fame  time  that  the  former  would  projectile 
have  caufed  it  to  fall  from  A to  B,  or  the  latter  force  ba~ 
have  carried  it  from  A to  F.  But,  if  the  projec-  J^niple 
tile  force  had  been  twice  as  great,  that  is,  fuch  as  p0wer  of 
would  have  carried  the  planet  from  A to  H,  in  gravity, 
the  fame,  time  that  now,  by  the  fuppofition,  it 
carries  it  only  from  A to  F ; the  fun’s  attraction 
mult  then  have  been  four  times  as  Itrong  as  for- 
merly, to  have  kept  the  planet  in  the  circle 
AFlV ; that  is,  it  mull  have  been  fuch  as  would 
have  caufed  the  planet  to  fall  from  A to  E , 
which  is  four  times  the  diltance  of  A from  B , in 
the  time  that  the  projedtile  force  fingly  would 
have  carried  it  from  A to  H , which  is  only  twice 
the  diltance  of  A from  F*.  Thus,  a double 
projedtile  force  will  balance  a quadruple  power 
of  gravity  in  the  fame  circle  ; as  appears  plain 
by  the  figure,  and  lhall  foon  be  confirmed  by 
an  experimenr. 

1 he  whirling-table  is  a machine  contrived  Plate  IV. 
for  fhewing  experiments  of  this  nature.  A A is  Fig.  1. 
a Itrong  frame  of  wood,  B a winch  or  handle 

Here  the  arcs  AG , A'l , mud  be  fuppofed  to  be  very 
fmall ; otherwife  AE,  which  is  equal  to  HI,  will  be  more 
than  quadruple  to  AE,  which  is  equal  to  FG. 
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fixed  on  the  axis  C of  the  wheel  D,  round  which 
is  the  catgut  firing  F,  which  alfo  goes  round  the 
fmall  wheels  G and  K , eroding  between  them 
and  the  great  wheel  D.  On  the  upper  end  of 
the  axis  of  the  wheel  G,  above  the  frame,  is. 
fixed  the  round  board  d9  to  which  the  bearer 
MSX  may  be  faftened  occafionally,  and  remov- 
ed when  it  is  not  wanted.  On  the  axis  of  the 
wheel  II  is  fixed  the  bearer  NTZ  : and  it  is 
eafy  to  fee  that  when  the  winch  B is  turned,  the 
wheels  and  bearers  are  put  into  a whirling  mo- 
tion. 

I^ach  bearer  has  two  wires,  X,  and  T,  Z, 
fixed  and  ferewed  tight  into  them  at  the  ends  by 
nuts  on  the  outride.  And  when  thefe  nuts  are 
unfcreWed,  the  wires  may  be  drawn  out  in  or- 
der to  change  the  balls  U and  V,  which  Hide 
upon  the  wires  by  means  of  brafs  loops  fixed  into 
the  balls,  which  keep  the  balls  up  from  touch- 
ing the  wood  below  them.  A firong  filk  line 
goes  through  each  ball,  and  is  fixed  to  it  at  any 
length  from  the  center  of  the  bearer  to  its  end, 
as  occafion  requires,  by  a nubferew  at  the  top  . 
of  the  ball ; the  fiiank  of  the  ferew  goes  into  the 
center  of  the  ball,  and  prefies  the  line  againll 
the  under  fide  of  the  hole  that  it  goes  through. 
— The  line  goes  from  the  ball,  and  under  a fmall 
pulley  fixt  in  the  middle  of  the  bearer  ; then  up 
through  a focket  in  the  round  plate  (fee  S and  T ) 
in  the  middle  of  each  bearer  j then  through  a 
flit  in  the  middle  of  the  fquare  top  (O  and  P) 
of  each  tower,  and  going  over  a fmall  pulley  on 
the  top,  comes  down  again  the  fame  way,  and 
is  at  laft  fafiened  to  the  upper  end  of  the  focket 
fixt  in  the  middle  of  the  above-mentioned  round 
plate.  Thefe  plates  S and  T have  each  four 
round  holes  near  their  edges  for  letting  them 
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Aide  up  and  down  upon  the  wires  which  make 
the  corners  of  each  tower.  The  balls  and  plates 
being  thus  conne&ed,  each  by  its  particular  line, 
it  is  plain,  that  if  the  balls  be  drawn  outward, 
or  toward  the.  ends  M and  N of  their  refpective 
bearers,  the  round  plates  S and  T will  be  drawn 
up  to  the  top  of  their  refpe&ive  towers  O and  P. 

There  are  feveral  brafs  weights,  fome  of  two 
ounces,  fome  of  three,  and  fome  of  four,  to  be 
pccafionally  put  within  the  towers  O and  P , upon 
the  round  plates  S and  T : each  weight  having 
a round  hole  in  the  middle  of  it,  for  going  upon 
the  fockets  or  axes  of  the  plates,  and  is  flit  from 
the  edge  to  the  hole,  for  allowing  it  to  be  flipt 
over  the  aforefaid  line  which  comes  from  each 
ball  to  its  refpective  plate.  (See  Fig.  2.) 

The  experiments  to  be  made  by  this  machine 
are  as  follows : 

1.  Take  away  the  bearer  MX,  and  take  the  Fig.  i. 
ivory  ball  a , to  which  the  line  or  filk  cord  b is 
faftened  at  one  end  ; and  having  made  a loop  on 
the  other  end  of  the  cord,  put  the  loop  over  a 
pin  fixt  in  the  center  of  the  board  d.  Then,.  The  pro- 
turning the  winch  B to  give  the  board  a whirling  penfityof 
motion,  you  will  fee  that  the  ball  does  not  imme-  ™atter  to 
diately  begin  to  move  with  the  board,  but,  on  j^e  ^ ^ 
account  of  its  inactivity,  it  endeavours  to  con-  ;n. 
tinue  in  the  ftate  of  reft  which  it  was  in  before. — 

Continue  turning,  until  the  board  communicates 
an  equal  degree  of  motion  with  its.  own  to  the 
ball,  and  then  turning  on,  you  will  perceive  that 
the  ball  will  remain  upon  one  part  of  the  board, 
keeping  the  fame  velocity  with  it,  and  having  no 
relative  motion  upon  it,  as  is  the  cafe  with  every 
. thing  that  lies  loofe  upon  the  plane  furface  of  the 
earth,  which,  having  the  motion  of  the  earth 
communicated  to  it,  never  endeavours  to  remove 

from 
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from  that  place.  But  flop  the  board  fuddenly 
by  hand,  and  the  ball  will  go  on,  and  con- 
tinue to  revolve  upon  the  board,  until  the 
fridtion  thereof  flops  its  motion : which  fhews, 
that  matter  being  once  put  into  motion  would 
continue  to  move  for  ever,  if  it  met  with  no 
refiftance.  In  like  manner,  if  a perfon  hands 
upright  in  a boat  before  it  begins  to  move,  he 
can  hand  firm  ; but  the  moment  the  boat  fets 
off,  he  is  in  danger  of  falling  toward  that  place 
which  the  boat  departs  from  : becaufe,  as  mat* 
ter,  he  has  no  natural  propenfitv  to  move.  But 
when  he  acquires  the  motion  of  the  boat,  let  it 
be  ever  fo  fwift,  if  it  be  fmooth  and  uniform,  he 
will  hand  as  upright  and  firm  as  if  he  was  on 
the  plain  fhore  ; and  if  the  boat  hrikes  againfl 
any  obhacle,  he  will  fall  toward  that  obhacle  ; 
on  account  of  the  propenfity  he  has,  as  matter, 
to  keep  the  motion  which  the  boat  has  put  hint 
^ into; 


2.  Take  away  this  ball  and  put  a longer  cord 
to  it,  which  may  be  put  down  through  the  hol- 
low axis  of  the  bearer  MX,  and  wheel  G,  and 
fix  a weight  to  the  end  of  the  cord  below  the 
machine ; which  weight,  if  left  at  liberty,  will 
draw  the  ball  from  the  edge  of  the  whirling- 


board  to  its  center. 

Bodies  Draw  off  the  ball  a little  from  the  center,  and 
moving  turn  the  winch  ; then  the  ball  will  go  round  and 
in  orbits  r0und  with  the  board,  and  will  gradually  fly  off 
*uv<:  a r farther  and  farther  from  the  center,  and  raife  up 
tofly  out  the  weight  below  the  machine  : which  fhews 
eftbefe  that  all  bodies  revolving  in  circles  have  a ten- 
orbits.  dency  to  fly  off'  from  thefe  circles,  and  muff;  have 
fome  power  acting  upon  them  from  the  center  of 
motion,  to  keep  them  from  flying  off.  Stop  the 
machine,  and  the  ball  will  continue  to  revolve 

for 
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for  fome  time  upon  the  board  ; but  as  the  fric- 
tion gradually  flops  its  motion,  the  weight  ading 
upon  it  will  bring  it  nearer  and'  nearer  to  the 
center  in  every  revolution,  until  it  brings  it 
quite  thither.  This  fhews,  that  if  the  planets 
met  with  any  refiflance  in  going  round  the  fun, 
its  attradive  power  would  bring  them  nearer 
and  nearer  to  it  in  every  revolution,  until  they 
fell  upon  it. 

3.  Take  hold  of  the  cord  below  the  machine  Bodks 
with  one  hand,  and  with  the  other  throw  the  ball  m°ve 
upon  the  round  board  as  it  were  at  right  angles  ra 

to  the  cord,  by  which  means  it  will  go  round  b;tstjlan 
and  round  upon  the  board.  Then  obferving  in  large 
with  what  velocity  it  moves,  pull  the  cord  be-  ones* 
low  the  machine,  which  will  bring  the  ball  nearer 
to  the  center  of  the  board.,  and  you  will  fee  that 
the  nearer  the  ball  is  drawn  to  the  center,  the 
fafler  it  will  revolve  ; as  thofe  planets  which  are 
nearefl  the  fun  revolve  fafler  than  thofe  which 
are  more  remote  ; and  not  only  go  round  fooner, 
becaufe  they  defcribe  fmaller  circles,  but  even 
move  fafler  in  every  part  of  their  refpedive 
circles. 

4.  Take  away  this  ball,  and  apply  the  bearer  Their 
MX,  whofe  center  of  motiop  is  in  its  middle  at  ce"trif“- 
w,  diredly  over  the  center  of  the  whirling-board 

d.  Then  put  two  balls  ( V and  U ) of  equal 
weights  upon  their  bearing  wires,  and  having 
fixed  them  at  equal  diflances  from  their  refpedive 
centers  of  motion  w and  x upon  their  filk  cords, 
by  the  fcrew  nuts,  put  equal  weights  in  the 
towers  0 and  P.  Laflly,  put  the  catgut  firings 
E and  F upon  the  grooves  G and  Ii  of  the  fmall 
wheels,  which  being  of  equal  diameters,  will  give 
equal  velocities  to  the  bearers  above,  when  the 
winch  B is  turned  : and  the  balls  U and  V will 

fly 
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fly  off  toward  M and  N ; and  will  raife  the 
weights  in  the  towers  at  the  fame  inftant.  This 
fhews,  that  when  bodies  of  equal  quantities  of 
matter  revolve  in  equal  circles  with  equal  velo- 
cities, their  centrifugal  forces  are  equal. 

5.  Take  away  thefe  equal  balls,  and  inflead 
of  them  put  a ball  of  fix  ounces  into  the  bearer 
MX,  at  a fixth  part  of  the  diflance  w z from  the 
center,  and  put  a ball  of  one  ounce  into  the  op- 
pofite  bearer,  at  the  whole  diflance  x y,  which 
is  equal  towz  from  the  center  of  the  bearer  ; 
and  fix  the  balls  at  thefe  diflances  on  their  cords, 
by  the  fcrew  nuts  at  top  ; and  then  the  ball  U , 
which  is  fix  times  as  heavy  as  the  ball  V,  will  be 
at  only  a fixth  part  of  the  diflance  from  its  cen- 
ter of  fnotion  ; and  confequently  will  revolve  in 
a circle  of  only  a fixth  part  of  the  circumference 
of  the  circle  in  which  V revolves.  Now,  let  any 
equal  weights  be  put  into  the  towers,  and  the 
machine  be  turned  by  the  winch  ; which  (as  the 
catgut  firing  is  on  equal  wheels  below)  will 
caufe  the  balls  to  revolve  in  equal  times  ; but  V 
wiil  move  fix  times  as  faff  as  U,  becaufe  it  re- 
volves in  a circle  of  fix  times  its  radius ; and 
both  the  weights  in  the  towers  will  rife  at  once. 
This  fhews,  that  the  centrifugal  forces  of  revolv- 
ing bodies  (or  their  tendencies  to  fly  off  from  the 
circles  they  defcribe)  are  in  direft  proportion  to 
their  quantities  of  matter,  multiplied  into  their 
refpedlive  velocities ; or  into  their  diflances  from 
the  centers  of  their  refpeflive  circles.  For,  fup- 
pofing  U , which  weighs  fix  ounces,  to  be  two 
inches  from  its  center  of  motion  w,  the  weight 
multiplied  by  the  diflance  is  1 2 : and  fuppofmg 
V , which  weighs  only  one  ounce,  to  be  1 2 inches 
diflant  from  the  center  of  motion  .v,  the  weight 
1 ounce  multiplied  by  the  diflance  12  inches 
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Js  12.  And  as  they  revolve  in  equal  times,  their 
velocities  are  as  their  diftances  from  the  center, 
namely,  as  i to  6. 

If  thcfe  two  balls  be  fixed  , at  equal  diltances 
from  their  refpeCtive  centers  of  motion,  they 
will  move  with  equal  velocities ; and  if  the 
tower  0 has  6 times  as  much  weight  put  into  it 
as  the  tower  P has,  the  balls  will  raife  their 
weights  exactly  at  the  fame  moment.  This 
fhews  that  the  ball  U being  fix  times  as  heavy  as  _ 

,the  ball  V,  has  fix  times  as  much  centrifugal 
force,  in  deferibing  an  equal  circle  with  an  equal 
velocity. 

6.  If  bodies  of  equal  weights  revolve  in  equal  a double 
circles  with  unequal  velocities,  their  centrifugal  velocity 
forces  are  as  the  fquares  of  the  velocities.  To  j.nthe  . 
prove  this  law  by  an  experiment,  let  two  balls  c!"iepV 
JJ  and  V of  equal  weights  be  fixed  on  their  cords  balance 
at  equal  diftances  from  their  refpeCtive  centers  to  a qua- 
of  motion  w and  x ; and  then  let  the  catgut  clrul)ic 
firing  E be  put  round  the  wheel  K (whofe  cir-  gravity? 
cumference  is  only  one  half  of  the  circumference  ° 
of  the  wheel  H or  G)  and  over  the  pulley  s to 
keep  it  tight ; and  let  four  times  as  much  weight 
be  put  into  the  tower  P,  as  in  the  tower  0. 

Then  turn  the  winch  B,  and  the  ball  V will  re- 
volve twice  as  fall  as  the  ball  U in  a circle  of  the 
fame  diameter,  becaufe  they  are  equidiftant  from 
the  centers  of  the  circles  in  which  they  revolve  ; 
and  the  weight  in  the  towers  will  both  rife  at 
the  fame  inftant,  which  fhews  that  a double  ve- 
locity in  the  fame  circle  will  exaCtly  balance  a 
quadruple  power  of  attraction  in  the  center  of 
the  circle.  For  the  weights  in  the  tower?  may 
be  confidered  as  the  attractive  forces  in  the  cen- 
ters, aCting  upon  the  revolving  balls ; which 

moving 
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moving  in  equal  circles,  is  the  fame  thing  as  if 
they  both  moved  in  one  and  the  fame  circle. 
Kepler’s  7.  If  bodies  of  equal  weights  revolve  in  un- 
problem. equal  circles,  in  fuch  a manner  that  the  fquares 
of  the  times  of  their  going  round  are  as  the 
cubes  of  their  diflances  from  the  centers  of  the 
circles  they  defcribe  ; their  centrifugal  forces  are 
inverfely  as  the  fquares  of  their  dillailces  from 
thofe  centers.  For,  the  catgut  firing  remaining 
as  in  the  laffc  experiment,  let  the  diflance  of  the 
ball  V from  the  center  x be  made  equal  to  two 
of  the  crofs  divifions  on  its  bearer;  and  the  dis- 
tance of  the  ball  U from  the  center  w be  three 
and  a fixth  part;  the  balls  themfelves  being  of 
equal  weights,  and  V making  two  revolutions 
by  turning  the  winch,  in  the  time  that  U makes 
one ; fo  that  if  we  fuppofe  the  ball  V to  revolve 
in  cfne  fecond,  the  ball  U will  revolve  in  two 
feconds,  the  fquares  of  which  are  one  and  four  : 
for  the  fquare  of  1 is  only  1 , and  the  fquare  of 
2 is  4;  therefore  the  fquare  of  the  period  or 
revolution  of  the  ball  F,  is  contained  four  times 
in  the  fquare  of  the  period  of  the  ball  U.  But 
the  diflance  ofF  is  2,  the  cube  of  which  is  8, 
and  the  diflance  of  U is  34,  the  cube  of  which 
is  32  very  nearly,  in  which  8 is  contained  four 
times ; and  therefore,  the  fquares  of  the  periods 
of  V and  U are  to  one  another  as  the  cubes  of 
their  diflances  from  x and  w,  which  are  the  cen- 
ters of  their  refpeftive  circles.  And  if  the 
weight  in  the  tower  0 be  four  ounces,  equal  to 
the  fquare  of  2,  the  diflance  of  F from  the  cen- 
ter x ; and  the  weight  in  the  tower  P be  ten 
ounces,  nearly  equal  to  the  fquare  of  34.,  the  dis- 
tance of  U from  tv  ; it  will  be  found  upon  turn- 
ing the  machine  by  the  winch,  that  the  balls  U 
and  F will  raife  their  refpedtive  weights  at 

the 
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the  fame  inftant  of  time.  Which  confirms  that 
famous  obfervation  of  Kepler,  viz.  That  the 
fquares  of  the  times  in  which  the  planets  go  round 
the  fun  are  in  the  fame  proportion  as  the  cubes 
of  their  distances  from  him  ; and  that  the  fun’s 
attraction  is  inverfeiy  as  the  fquare  of  the  diftance^ 
from  his  center  : that  is,  at  twice  the  diftance* 
his  attraction  is  four  times  lefs ; at  thrice  the 
diflance,  nine  times  lefs ; at  four  times  the  di& 
tance,  fixteen  times  lefs ; and  fo  on,  to  the  re- 
moteft  part  of  the  fyftem. 

8.  lake  oft  the  catgut  firing  E from  the 
great  wheel  D and  the  fmall  wheel  H,  and  let 
the  firing  F remain  upon  the  wheels  D and  G. 
lake  away  alio  the  bearer  MX  from  the  whirl- 
ing-board d , and  inftead  thereof  put  the  ma- 
chine AB  upon  it,  fixing  this  machine  to  the 
center  of  the  board  by  the  pins  c and  d , in  fuch  Fiff.  ». 
a manner j that  the  end  ef  may  rife  above  the 

„°ard  [?,an  angle  of  3°  or  4o  degrees.  In  the  The  ab- 
ppei  fide  of  this  machine  are  two  glafs  tubes  fdrdity  of 
a and  b clofe  flopt  at  both  ends;  and  each  thre  Car' 
tube  is  about  three  quarters  full  of  water.  In  [exes' 
he  tube  a is  a little  qmckftlver,  which  naturally 
falls  down  to  the  end  * in  the  water,  becaufe 
t is  heavier  than  lts  bulk  of  water  ; and  in  the 

nUfV  IS  a fma  COrk  whlch  floats  on  the  top 
of  the  water  at  becaufe  it  is  lighter;  and  it 

1S  *™aI1  enough  to  have  liberty  to  rife  or  fall 
in  the  tube.  . While  the  board  b with  this  ma- 
chine upon  it  continues  at  reft,  the  quickfilver 

flStTon  th°'t0m  °f  thC  tUbe  “>  -dqIe  co* 
ts  on  the  water  near  the  top  of  the  tube  b. 

» upon  turning  the  winch,  and  puttino-  the 
% offtowarf'Th’ tHe  “S  of  ea=h  ^ "’ill 
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with  the  greateft  force.  Therefore  the  quick- 
filver  in  the  tube  a will  fly  off  quite  to  the  end 
f and  occupy  its  bulk  of  fpace  there,  excluding 
the  water  from  that  place,  becaufe  it  is  lighter 
than  quickfllver ; but  the  water  in  the  tube  b 
flying  off  to  its  higher  end  r,  will  exclude  the 
cork  from  that  place,  and  caufe  the  cork  to  de- 
feend  toward  the  lowermoft  end  of  the  tube, 
where  it  will  remain  upon  the  loweft  end  of  the 
water  near  b ; for  the  heavier  body  having  the 
greater  centrifugal  force,  will  therefore  poffefs 
the  uppermoft  part  of  the  tube  ; and  the  lighter 
body  will  keep  between  the  heavier  and  the 
lowermoft  part. 

This  demonftrates  the  abfurdity  of  the  Carte- 

fian  dottrine  of  the  planets  moving  round  the 

fun  in  vortexes  : for,  if  the  planet  be  more 

denfe  or  heavy  than  its  bulk  of  the  vortex,  it  will 

fly  off  therein,  farther  and  farther  from  the  fun  \ 

it  lefs  denfe,  it  will  come  down  to  the  loweft 

part  of  the  vertex  at  the  fun  : and  the  whole 

vortex  itfel'f  mud  be  furrounded  with  fomething 

like  a great  wall,  otherwife  it  would  fly  quite  off, 

planets  and  all  together. — But  while  gravity  ex- 

ifts,  there  is  no  occafion  for  fuch  vortexes  j and 

when  it  ceafes  to  exift,  a ftone  thrown  upward 

will  never  return  to  the  earth  again. 

If  one  9.  If  a body  be  fo  placed  on  the  whirling- 

SodI  board  of  the  machine  (Fig.  1.)  that  the  center  of 

round  gravity  of  the  body  be  direftly  over  the  center 

another,  of  the  board,  and  the  board  be  put  into  ever  fo 

both  of  rapid  a motion  by  the  winch  B , the  body  will 

themmuft  turn  rouncj  wjth  the  board,  but  will  not  remove 

sound  from  the  middle  of  it  j for,  as  all  parts  of  the 

their  body  are  in  e quilibrio  round  its  center  of  gravity* 

common  an(j  the  center  of  gravity  is  at  reft  in  the  center 

center  of  Q-£  motiQn  the  centrifugal  force  of  all  parts  of 
gravity.  0 ^ 
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the  body  will  be  equal  at  equal  diftances  from 
its  center  of  motion,  and  therefore  the  body  will 
remain  in  its  place.  But  if  the  center  of  gravity 
be  placed  ever  fo  little  out  of  the  center  of  mo- 
tion, and  the  machine  be  turned  fwiftly  round, 
the  body  will  fly  oft  toward  that  fide  of  the 
board  on  which  its  center  of  gravity  lies.  Thus,  Fig.  4. 
if  the  wire  C with  its  little  ball  B be  taken  away 
from  the  demi-globe  A , and  the  flat  fide  e f of 
this  demi-globe  be  laid  upon  the  whirling-board 
of  the  machine,  fo  that  their  centers  may  coin- 
cide ; if  then  the  board  be  turned  ever  fo  quick 
by  the  winch,  the  demi-globe  will  remain  where 
it  was  placed.  But  if  the  wire  C be  fcrewed  into 
the  demi-globe  at  d , the  whole  becomes  one 
body,  whofe  center  of  gravity  is  now  at  or  near 
d.  Let  the  pin  c be  fixed  in  the  center  of  the 
whirling-board,  and  the  deep  groove  b cut  in  the 
flat  fide  of  the  demi-globe  be  put  upon  the  pin, 
fo  as  the  pin  may  be  in  the  center  of  A [See  Fig. 

5.  where  this  groove  is  reprefented  at  b~\  and  let  Fig.  5. 
the  whirling-board  be  turned  by  the  winch, 
which  will  carry  the  little  ball  B (Fig.  4.)  with 
its  wire  C,  and  the  demi-globe  A , all  round  the 
center-pin  ci ; and  then,  the  centrifugal  force  of 
the  little  ball  B , which  weighs  only  one  ounce, 
will  be  fo  great  as  to  draw  off"  the  demi-globe 
A , which  weighs  two  pounds,  until  the  end  of 
the  groove  at  e ftrikes  againft  the  pin  r,  and 
fo  prevents  the  demi-globe  A from  going  any 
farther : otherwife,  the  centrifugal  force  of  B 
would  have  been  great  enough  to  have  carried 
A quite  off  the  whirling-board.  Which  fhews, 
that  if  the  fun  were  placed  in  the  very  center  of 
the  orbits  of  the  planets,  it  could  not  poffibly 
remain  there  ; for  the  centrifugal  forces  of  the 
planets  would  carry  them  quite  off,  and  the  fun 
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with  them  ; efpecially  when  feveral  of  them  hap- 
pened to  be  in  any  one  quarter  of  the  heavens. 
For  the  fun  and  planets  are  as  much  connetted 
by  the  mutual  attraction  that  fubfifts  between 
them,  as  the  bodies  A and  B are  by  the  wire  C 
which  is  fixed  into  them  both.  And  even  if 
there  were  but  one  fingle  planet  in  the  whole 
heavens  to  go  round  ever  fo  large  a fun  in  the 
center  of  its  orbit,  its  centrifugal  force  would 
foon  carry  off  both  itfelf  and  the  fun.  For,  the 
greatefl  body  placed  in  any  part  of  free  fpace 
might  be  eafily  moved : becaufe  if  there  were  no 
other  body  to  attraft  it,  it  could  have  no  weight 
or  gravity  of  itfelf ; and  consequently,  though  it 
could  have  no  tendency  of  itfelf  to  remove  from 
that  part  of  fpace,  yet  it  might  be  very  eafily 
moved  by  any  other  fubftance. 

10.  As  the  centrifugal  force  of  the  light  body 
B will  not  allow  the  heavy  body  A to  remain  in 
the  center  of  motion,  even  though  it  be  24  times 
as  heavy  as  B ; let  us  now  take  the  ball  A (Fig. 
f 'g'  6-  6.)  which  weighs  6 ounces,  and  connect  it  by 

the  wire  C with  the  ball  B , which  weighs  only 
one  ounce ; and  let  the  fork  E be  fixed  into  the 
center  of  the  whirling-board : then  hang  the 
balls  upon  the  fork  by  the  wire  C in  fuch  a man- 
ner, that  they  may  exactly  balance  each  other ; 
which  will  be  when  the  center  of  gravity  between 
them,  in  the  wire  at  d,  is  fupported  by  the  fork. 
And  this  center  of  gravity  is  as  much  nearer  to 
the  center  of  the  ball  A,  than  to  the  center  of  the 
ball  B , as  A is  heavier  than  B , allowing  for  the 
weight  of  the  wire  on  each  fide  of  the  fork. 
This  done,  let  the  machine  be  put  into  motion 
by  the  winch  ; and  the  balls  A and  B will  go 
round  their  common  center  of  gravity  d,  keep- 
ing their  balance,  becaufe  either  will  not  allow 
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the  other  to  fly  off  with  it.  For,  fuppoftng  the 
ball  B to  be  only  one  ounce  in  weight  and  the 
ball  A to  be  fix  ounces ; then,  if  the  wire  C were 
equally  heavy  on  each  fide  of  the  fork,  the  center 
of  gravity  d would  be  fix  times  as  far  from  the 
center  of  the  ball  B as  from  that  of  the  ball  A , 
and  confequently  B will  revolve  with  a velocity 
fix  times  as  great  as  A does ; which  will  give  B 
fix  times  as  much  centrifugal  force  as  any  fingle 
ounce  of  A has  : but  then,  as  B is  only  one 
ounce,  and  A fix  ounces,  the  wdiole  centrifugal 
force  of  A will  exaftly  balance  the  whole  centri- 
fugal force  of  B : and  therefore,  each  body  will 
detain  the  other  fo  as  to  make  it  keep  in  its 
circle.  This  fhewrs  that  the  fun  and  planets  muft 
all  move  round  the  common  center  of  gravity 
of  the  whole  fyftem,  in  order  to  preferve  that  jult 
balance  which  takes  place  among  them.  For, 
the  planets  being  as  unaftive  and  dead  as  the 
above  balls,  they  could  no  more  have  put  them- 
lelves  into  motion  than  thefe  balls  can ; nor  have 
kept  in  their  orbits  without  being  balanced  at 
firft  with  the  greateft  degree  of  exattnefs  upon 
their  common  center  of  gravity,  by  the  Almighty 
hand  that  made  them  and  put  them  in  motion. 

Perhaps  it  may  be  here  alked,  that  fince  the 
center  of.  gravity  between  thefe  balls  mull  be 
fupported  by  the  fork  E in  this  experiment, 
what  prop  it  is  that  fupports  the  center  of  gra- 
vity of  the  folar  fyftem,  and  confequently  bears 
the  weight  of  all  the  bodies  in  it ; and  by  wrhat 
is  the  prop  itfelf  fupported?  The  anfwer  is  eafy 
and  plain  ; for  the  center  of  gravity  of  our  balls 
muft  be  lupported,  becaufe  they  gravitate  to- 
ward the  earth,  and  would  therefore  fall  to  it : 
but  as  the  fun  and  planets  grayitate  only  toward 
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one  another,  they  have  nothing  elfe  to  fall  to  ; 
and  therefore  have  no  occafion  for  any  thing  to 
fupport  their  common  center  of  gravity  : and  if 
they  did  not  move  round  that  center,  and  confe- 
quently  acquire  a tendency  to  fly  off  from  it  by 
their  motions,  their  mutual  attractions  would 
foon  bring  them  together  ; and  fo  the  whole 
would  become  one  mafs  in  the  fun ; which  would 
alfo  be  the  cafe  if  their  velocities  round  the  fun 
were  not  quick  enough  to  create  a centrifugal 
force  equal  to  the  fun’s  attraction. 

But  after  all  this  nice  adjuftment,  it  appears 
evident  that  the  Deity  cannot  withdraw  his  re- 
gulating hand  from  his  works,  and  leave  them 
to  be  folely  governed  by  the  laws  which  he  has 
impreft  upon  them  at  firft.  For  if  he  fhould 
once  leave  them  fo,  their  order  would  in  time 
come  to  an  end  ; becaufe  the  planets  muft  ne- 
ceflarily  difturb  one  another’s  motions  by  their 
mutual  attractions,  when  ieveral  of  them  are  in 
the  fame  quarter  of  the  heavens ; as  is  often  the 
cafe:  and  then,  as  they  attract  the  fun  more 
toward  that  quarter  than  when  they  are  in  a 
manner  difperfed  equably  around  him,  if  he  was 
not  at  that  time  made  to  defcribe  a portion  of  a 
larger  circle  round  the  common  center  of  gravity, 
the  balance  would  then  be  immediately  de- 
ftroyed ; and  as  it  could  never  reftore  itl'eif  again, 
the  whole  fyftem  would  begin  to  fall  together, 
and  would  in  time  unite  in  a mafs  at  the  fun. — 
Of  this  difturbance  we  have  a very  remarkable 
inftance  in  the  comet  which  appeared  lately ; and 
which,  in  going  laft  up  before  from  the  fun,  went 
fo  near  to  Jupiter,  and  was  fo  affected  by  his 
attraction,  as  to  have  the  figure  of  its  orbit  much 
changed ; and  not  only  fa,  but  to  have  its  period 

altered. 
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altered,  and  its  courfc  to  be  different  in  the  hea- 
vens from  what  it  was  laft  before. 

11.  Take  away  the  fork  and  balls  from  the  Fig.  7. 
whirling-board,  and  place  the  trough  A B there- 
on, fixing  its  center  to  the  center  of  the  whirl- 
ing-board by  the  pin  H.  In  this  trough  are  two 

balls  D and  E,  of  unequal  weights,  connedled 
by  a wire  f 5 and  made  to  Hide  eafily  upon  the 
wire  C ftretched  from  end  to  end  of  the  trough, 
and  made  faft  by  nut-fcrews  on  the  outfide  of  the 
ends  Let  thefe  balls  *be  fo  placed  upon  the  wire 
C,  that  their  common  center  of  gravity  g may  be 
dire&ly  over  the  center  of  the  whirling -board. 

Then,  turn  the  machine  by  the  winch,  ever  fo 
fwiftly,and  the  trough  and  balls  will  go  round  their 
center  of  gravity,  fo  as  neither  of  the  balls  will  fly 
off ; becaufe,  on  account  of  the  equilibrium,  each 
ball  detains  the  other  with  an  equal  force  a&ing 
againfl  it.  But  if  the  ball  E be  drawn  a little 
more  toward  the  end  of  the  trough  at  A , it  will 
remove  the  center  of  gravity  toward  that  ehd 
from  the  center  of  motion  5 and  then,  upon 
turning  the  machine,  the  little  ball  E will  fly  off, 
and  ftrike  with  a confiderable  force  againfl  the 
end  A,  and  draw  the  great  ball  B into  the  middle 
of  the  trough.  Or,  if  the  great  ball  D be  drawn 
toward  the  end  B of  1 he  trough,  fo  that  the  cen« 
ter  of  gravity  may  be  a little  toward  that  end 
from  the  center  of  motion,  and  the  machine  be 
turned  by  the  winch,  the  great  ball  D will  fly  off; 
and  ftrike  violently  againfl  the  end  B of  the 
trough,  and  will  bring  the  little  ball  E into  the 
middle  of  it.  If  the  trough  be  not  made  very 
ftrong,  the  ball  D will  break  through  it. 

12.  I he  reafon  why  the  tides  rife  at  the  fame  Of  the 
abfolute  time  on  opposite  ftde«  of  the  earth,  and 
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Consequently  in  oppofite  directions,  is  made 
abundantly  plain  by  a new  experiment  on.  the 
whirling- table.  The  caufeof  their  riling  on  the  fide 
next  the  moon  every  one  underltands  to  be  owing 
to  the  moon’s  attraction : but  why  they  Ihould 
rife  on  the  oppofite  fide  at  the  fame  time,  where 
there  is  no  moon  to  attract  them,  is  perhaps  not 
fo  generally  underftood.  For  it  would  feem 
that  the  moon  Ihould  rather  draw  the  waters  (as 
it  were)  clofer  to  that  fide,  than  raife  them  upon 
it,  directly  contrary  to  her  attractive  force.  Let 
Pig-  8.  the  circle  abed  reprefent  the  earth,  with  its  fide 
c turned  toward  the  moon,  which  will  then  at- 
tract the  waters  fo,  as  to  raife  them  from  c to  g. 
But  the  queltion  is,  why  Ihould  they  rife  as  high 
at  that  very  time  on  the  oppofite  fide,  from  a to 
Fig.  9.  e ? In  order  to  explain  this,  let  there  be  a plate 
/IB  fixed  upon  one  end  of  the  flat  bar  DC ; witfy 
fuch  a circle  drawn  upon  it  as  abed  (in  Fig.  8.) 
to  reprefent  the  round  figure  of  the  earth  and 
fea  ; and  fuch  an  ellipfis  as  efg  h to  reprefent  the 
fwelling  of  the  tide  at  e and  g,  occafioned  by  the 
influence  of  the  moon.  Over  this  plate  AB  let 
the  three  ivory  balls  e,f,g,  be  hung  by  the  filk 
lines  h , k,  faftened  to  the  tops  of  the  crooked 
wires  H , /,  K , in  fuch  a manner,  that  the  ball  at 
e may  hang  freely  over  the  fide  of  the  circle 
which  is  fartheft  from  the  moon  M at  the  other 
end  of  the  bar ; the  ball  at  / may  hang  freely 
over  the  center,  and  the  ball  at  g hang  over  the 
fide  of  the  circle  g,  which  is  nearelt  the  moon. 
The  ball  f may  reprefent  the  center  of  the  earth, 
the  ball  £ fome  water  on  the  fide  next  the  moon, 
and  the  ball  e fome  water  on  the  oppofite  fide. 
On  the  back  of  the  moon  M is  fixt  the  fliort  bar 
N parallel  to  the  horizon,  and  there  are  three 
hoiq3  in  it  above  the  little  weights  p,  q , r.  A 
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filk  thread  o is  tied  to  the  line  k clofe  above  the 
ball  and  palling  by  one  fide  of  the  moon  M, 
goes  through  a hole  in  the  bar  iV,  and  has  the 
■weight  p hung  to  it.  Such  another  thread  n is 
tied  to  the  line  i , clofe  above  the  ball  f,  and 
palling  through  the  center  of  the  moon  M and 
middle  of -.the  bar  N,  has  the  weight  q hung  to 
it,  which  is  lighter  than  the  weight  y.  A third 
thread  m is  tied  to  the  line  h , clofe  above  the  ball 
r,  and  paffing  by  the  other  fide  of  the  moon  M, 
through  the  bar  N,  has  the  weight  r hung  to  it, 
which  is  lighter  than  the  weight  q. 

The  ufe  of  thefe  three  unequal  weights  is  to 
.reprefent  the  moon’s  unequal  attraction  at  dif- 
ferent diftances  from  her.  With  whatever  force 
Ihe  attracts  the  center  of.  the  earth,  Ihe  attracts 
the  fide  next  her  with  a greater  degree  of  force, 
and  the  fide  fartheft  from  her  with  a lefs.  So, 

-if  the  weights  are  left  at  liberty,  they  will  draw 
all  the  three  balls  toward  the  moon  with  differ- 
ent degrees  of  force,  and  caufe  them  to  make  the 
appearance  Ihewn  in  Fig.  io  ; by  which  means  f; 
they  are  evidently  farther  from  each  other  than 
they  would  be  if  they  hung  at  liberty  by  the 
lines  h,  i,  k ; becaufe  the  lines  would  then  hang 
perpendicularly.  This  (hews,  that  as  the  moon 
attrads  the  fide  of  the  earth  which  is  neared:  her 
with  a greater  degree  of  force  than  fhe  does  the 
center  of  the  earth,  {he  will  draw  the  water  on 
that  fide  more  than  die  draws  the  center,  and  fo 
caufe  it  to  rife  on  that  fide : and  as  fire  draws  the 
center  more  than  {he  drav/s  the  oppofite  fide, 
the  center  will  recede  farther  from  the  furface  of 
the  water  on  that  oppofite  fide,  and  fo  leave  it  as 
high  there  as  fhe  railed  it  on  the  fide  next  to  her. 
for,  as  the  center  will  be  in  the  middle  between 

the 
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the  tops  of  the  oppofite  elevations,  they  muft  of 
couri'e  be  equally  high  on  both  Tides  at  the  fame 
time. 

But  upon  this  fuppofition  the  earth  and  moon 
would  foon  come  together:  and  to  be  fure  they 
would,  if  they  had  not  a motion  round  their 
common  center  of  gravity,  to  create  a degree  of 
centrifugal  force  fufficient  to  balance  their  mu- 
tual attraction.  This  motion  they  have : for  as 
the  moon  goes  round  her  orbit  every  month,  at 
the  diftance  of  240000  miles  from  the  earth’s 
center,  and  of  234000  miles  from  the  center  of 
gravity  of  the  earth  and  moon,  fo  does  the  earth 
go  round  the  fame  center  of  gravity  every  month 
at  the  diftance  of  6000  miles  from  it ; that  is, 
from  it  to  the  center  of  the  earth.  Now  as  the 
earth  is  (in  round  numbers)  8000  miles  in  dia- 
meter, it  is  plain  that  its  fide  next  the  moon  is 
only  2000  miles  from  the  common  center  of  gra- 
vity of  the  earth  and  moon;  its  center  6000 
miles  diftant  therefrom : and  its  farther  fide  from 
the  moon  10000.  Therefore  the  centrifugal 
forces  of  thefe  parts  are  as  2000,  6000,  and 
10000  ; that  is,  the  centrifugal  force  of  any  fide 
of  the  earth,  when  it  is  turned  from  the  moon, 
is  five  times  as  great  as  when  it  is  turned  toward 
the  moon.  And  as  the  moon’s  attra&ion  (ex- 
preft  by  the  numbers  6000)  at  the  earth’s  center 
keeps  the  earth  from  flying  out  of  this  monthly 
circle,  it  muft  be  greater  than  the  centrifugal 
force  of  the  waters  on  the  fide  next  her ; and 
confequently,  her  greater  degree  of  attra&ion  on 
that  fide  is  fufficient  to  raife  them ; but  as  her 
attra&ion  on  the  oppofite  fide  is  lefs  than  the 
centrifugal  force  of  the  water  there,  the  excefs 
of  this  force  is  fufficient  to  raife  the  water  juft  as 
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high  on  the  oppofite  fide.— To  prove  this  expe-  Fig.  9. 
rimentally,  let  the  bar  D C with  its  furniture  be 
fixed  upon  the  whirling-board  of  the  machine 
(Fig.  i.)  by  pu filing  the  pin  P into  the  center 
of  the  board  ; which  pin  is  in  the  center  of  gra- 
vity of  the  whole  bar  with  its  three  balls  e,  f g, 
and  moon  M.  Now  if  the  whirling-board  and 
bar  be  turned  flowly  round  by  the  winch,  until 
the  ball/' hangs  over  the  center  of  the  circle,  as 
in  Fig.  11.  the  ball  g will  be  kept  toward  the 
moon  by  the  heavieft  weight  p (Fig*  9-)  and 
the  ball  e,  on  account  of  its  greater  centrifugal 
force,  and  the  leffer  weight  r,  will  fly  off  as  far 
to  the  other  fide,  as  in  Fig.  1 1 . And  thus,  while 
the  machine  is  kept  turning,  the  balls  e and  g 
will  hang  over  the  end  of  the  ellipfis  If  k.  So 
that  the  centrifugal  force  of  the  ball  e will  ex- 
ceed the  moon’s  attra&ion  juft  as  much  as  her 
attra&ion  exceeds  the  centrifugal  force  of  the 
ball  g,  while  her  attra&ion  juft  balances  the  cen- 
trifugal force  of  the  ball  f. , and  makes  it  keep 
in  its  circle.  And  hence  it  is  evident,  that  the 
tides  muft  rife  to  equal  heights  at  the  fame  time 
on  oppofite  fides  of  the  earth.  This  experi- 
ment, to  the  beft  of  my  knowledge,  is  entirely 
new. 

From  the  principles  thus  eftablifhed,  it  is  The 
evident  that  the  earth  moves  round  the  fun,  and  earth’s 
not  the  fun  round  the  earth  ; for  the  centrifugal  mot'on 
law  will  never  allow  a great  body  to  move  round 
a fmall  one  in  any  orbit  whatever  ; efpecially  ra 
when  we  find  that  if  a fmall  body  moves  round 
a great  one,  the  great  one  muft  alfo  move  round 
the  common  center  of  gravity  between  them  two. 

And  it  is  well  known  that  the  quantity  of  matter 
m the  fun  is  227000  times  as  great  as  the  quan- 
tity of  matter  in  the  earth.  Now,  as  the  fun’s 

diftance 
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diftance  from  the  earth  is  at  leafl  81,000,000  of 
miles,  if  we  divide  that  diftance  by  227,000,  we 
fhall  have  only  357  for  the  number  of  miles  that 
the  center  of  gravity  between  the  fun  and  earth 
is  diftant  from  the  fun’s  center.  And  as  the  - 
fun’s  femidiameter  is  I of  a degree,  which,  at  fo 
great  a diftance  as  that  of  the  fun,  muft  be  no 
lefs  than  381500  miles,  if  this  be  divided  by  357, 
the  quotient  will  be  nearly  1069,  which  Ihews 
that  the  common  center  of  gravity  between  the 
fun  and  earth  is  within  the  body  of  the  fun  ; 
and  is  only  the  1069  part  of  his  femidiameter 
from  his  center  toward  his  furface. 

All  globular  bodies,  whofe  parts  can  yield, 
and  which  do  not  turn  on  their  axis,  muft  be 
perfect  fpheres,  becaufe  all  parts  of  their  furfaces 
are  equally  attrafted  toward  their  centers.  But 
all  fuch  globes  which  do  turn  Jon  their  axis  will 
be  oblate  fpheroids ; that  is,  their  furfaces  will 
be  higher,  or  farther  from  the  center,  in  the 
equatorial  than  in  the  polar  regions.  For,  as 
the  equatorial  parts  move  quickeft,  they  muft 
have  the  greateft  centrifugal  force  ; and  will 
therefore  recede  fartheft  from  the  axis  of  mo- 
tion. Thus,  if  two  circular  hoops  A B and 
Fig.  12.  CD,  made  thin  and  flexible,  and  cpfling  one 
another  at  right  angles,  be  turned  round  their 
axis  EF  by  means  of  the  winch  ?n,  the  wheel  n , 
and  pinion  0 , and  the  axis  be  loofe  in  the  pole 
or  interfe&ion  e,  the  middle  parts  A,  B , C , D, 
will  fwell  out  fo  as  to  ftrike  againft  the  Tides  of 
the  frame  at  F and  G,  if  the  pole  e,  in  finking 
to  the  pin  F,  be  not  ftopt  by  it  from  finking 
farther  : fo  that  the  whole  will  appear  of  an  oval 
figure,  the  equatorial  diameter  being  confider- 
ably  longer  than  the  polar.  That  our  earth  is 
of  this  figure,  is  demonftrable  from  actual  mear 
/*  furement 
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furement  of  fome  degrees  on  its  furface,  which 
are  found  to  be  longer  in  the  frigid  zones  than 
in  the  torrid  : and  the  difference  is  found  to  be 
fuch  as  proves  the  earth’s  equatorial  diameter  to 
be  36  miles  lo^er  than  its  axis. — Seeing  then, 
the  earth  is  higher  at  the  equator  than  at  the 
poles,  the  fea,  which  like  all  other  fluids  natu- 
rally runs  downward  (or  toward  the  places  which 
are  neareft  the  earth’s  center)  would  run  toward 
the  polar  regions,  and  leave  the  equatorial  parts 
dry,  if  the  centrifugal  force  of  the  water,  which 
carried  it  to  thofe  parts,  and  fo  raifed  them,  did 
not  detain  and  keep  it  from  running  back  again 
toward  the  poles  of  the  earth. 

LECT.  Ill, 

Of  the  mechanical  Powers. 

IF  we  confider  bodies  in  motion,  and  com-  poun, 
pare  them  together,  we  may  do  this  either  dation  of 
with  refpeft  to  the  quantities  of  matter  they  all  meeha-r 
contain,  or  the  velocities  with  which  they  are  nics” 
moved.  The  heavier  any  body  is,  the  greater 
is  the  power  required  either  to  move  it  or  to  flop 
its  motion:  and  again,  the  fwifter  it  moves,  the 
greater  is  its  force.  So  that  the  whole  momen- 
tum or  quantity  of  force  of  a moving  body  is  the 
refult  of  its  quantity  of  matter  multiplied  by  the 
velocity  with  which  it  is  moved.  And  when  the 
produ&s  arifing  from  the  multiplication  of  the 
particular  quantities  of  matter  in  any  two  bodies 
by  their  refpedtive  velocities  are  equal,  the  mo- 
menta or  entire  forces  are  fo  too.  Thus,  fup- 
pofe  a body,  which  we  foall  call  A,  to  weioh  40 
pounds,  and  to  move  at  the  rate  of  two  miles 

in 
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in  a minute ; and  another  body,  which  we  (halt 
call  B , to  weigh  only  four  pounds,  and  to  more 
20  miles  in  a minute ; the  entire  forces  with 
which  thefe  two  bodies  would  flrike  againft  any 
obftacle  would  be  equal  to  each  other,  and  there- 
fore it  would  require  equal  powers  to  flop  them. 
For  40  multiplied  by  2 gives  80,  the  force  of 
the  body  A : and  20  multiplied  by  4 gives  80, 
the  force  of  the  body  B. 

Upon  this  eafy  principle  depends  the  wholo 
of  mechanics : and  it  holds  univerfally  true, 
that  when  two  bodies  are  fufpended  on  any 
machine,  fo  as  to  ad  contrary  to  each  other ; if 
the  machine  be  put  into  motion,  and  the  per- 
pendicular affent  of  one  body  multiplied  into 
its  weight,  be  equal  to  the  perpendicular  defcent 
of  the  other  body  multiplied  into  its  weight, 
thofe  bodies,  how  unequal  foever  in  their  weights, 
will  balance  one  another  in  all  fituations  : for, 
as  the  whole  afcent  of  one  is  performed  in  the 
fame  time  with  the  whole  defcent  of  the  other, 
their  refpe&ive  velocities  mufl  be  diredly  as  the 
fpaces  they  move  through  ; and  the  excefs  of 
weight  in  one  body  is  compenfated  by  the  excefs 
Howto  velocity  in  the  other. — Upon  this  principle  it 
compute  is  eafy  to  compute  the  power  of  any  mechanical 
the  power  engine,  whether  fimple  or  compound  ; for  it  is 
of  any  |-)Uj.  onjy  fading  how  much  fwifter  the  power 
moves  than  the  weight  does  (i.  e.  how  much 
farther  in  the  fame  time)  and  juft  fo  much  is  the 
power  increafed  by  the  help  of  the  engine. 

In  the  theory  of  this  fcience,  wre  fuppofe  all 
planes  perfectly  even,  all  bodies  perfectly  fmooth, 
levers  to  have  no  weight,  cords  to  be  extremely 
pliable,  machines  to  have  no  fri&ion ; and  in 
fhort,  all  imperfections  mufl  be  let  afide  until 

the 
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the  theory  be  eftablifhed  ; and  then,  proper  al- 
lowances are  to  be  made. 

The  fimple  machines , ufually  called  mechanical  The  mc_ 
powers , are  fix  in  number,  viz.  the  lever  y the  chanic 
wheel  and  axle , the  pulley , the  inclined  plane , the  Powers> 
wedge , and  the  ferew. — They  are  called  mecha-  what' 
nical  powers,  becaufe  they  help  us  mechanically 
to  raiie  weights,  move  heavy  bodies,  and  over- 
come refiftances,  which  we  could  not  effedl  with- 
out them. 

i.  A lever  is  a bar  of  iron  or  wood,  one  part  Th clever. 
of  which  being  fupported  by  a prop,  all  the 
other  parts  turn  aipon  that  prop  as  their  center 
of  motion  : and  the  velocity  of  every  part  or 
point  is  dire&ly  as  its  diftance  from  the  prop. 
Therefore,  when  the  weight  to  be  raifed  at  one 
end  is  to  the  power  applied  to  the  other  to  raife 
it,  as  the  diftance  of  the  power  from  the  prop 
is  to  the  diftance  of  the  weight  from  the  prop, 
the  power  and  weight  will  exadtly  balance  or 
counterpoife  each  other : and  as  a common  lever 
has  next  to  no  fri&ion  on  its  prop,  a very 
little  additional  power  will  be  fuffiqent  to  raife 
the  weight. 

There  are  four  kinds  of  levers,  i.  The 
common  fort,  where  the  prop  is  placed  between, 
the  weight  and  the  power  $ but  much  nearer  to 
the  weight  than  to  the  power.  2.  When  the 
prop  is  at  one  end  of  the  lever,  the  power  at  the 
other,  and  the  weight  between  them.  3.  When 
the  prop  is  at  one  end,  the  weight  at  the  other, 
and  the  power  applied  between  them.  4.  The 

"f1™  Jfver»  which  differs  only  in  form  from 
tfte  farit  fort,  but  not  in  property.  Thofe  of  the 

, and  fecond  kind  are  often  ufed  in  mechani- 

? ^p'"ers » kut  there  are  few  inftances  in  which 
the  third  fort  is  ufed. 
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A common  balance  is  'by  fome  reckoned  a lever 
of  the  fird  kind  ; but  as  both  its  ends  are  at  equal 
didances  from  its  center  of  motion,  they  move 
with  equal  velocities ; and  therefore,  as  it  gives 
no  mechanical  advantage,  it  cannot  properly  be 
reckoned  among,  the  mechanical  powers- 

A lever  of  the  fird  kind  is  reprefented  by  the 
bar  ABC , fupported  by  the  prop  D.  Its  prin- 
cipal ule  is  to  loofen  large  dones  in  the  ground, 
or  raife  great  weights  to  fmall  heights,  in  order 
to  have  ropes  put  under  them  for  raifing  them 
higher  by  other  machines.  The  parts  AB  and 
BC,  on  different  fides  of  the  prop  Z),  are  called 
the  arms  of  the  lever  : the  end  A of  the  fhorter 
arm  AB  being  applied  to  the  weight  intended 
to  be  raifed,  or  to  the  refidance  to  be  overcome; 
and  the  power  applied  to  the  end  C of  the  longer 
arm  BC. 

In  making  experiments  with  this  machine,  the 
fhorter  arm  AB  mud  be  as  much  thicker  than 
the  longer  arm  BC,  as  will  be  fufiicient  to  ba- 
lance it  on  the  prop.  This  fuppofed,  let  P re- 
prefent  a power,  whofe  gravity  is  equal  to  i 
ounce,  and  IV  a weight,  whofe  gravity  is  equal 
to  .1 2 ounces.  Then,  if  the  power  be  12  times 
as  far  from  the  prop  as  the  weight  is,  they  will 
exactly  counterpoife  ; and  a fmall  addition  to 
the  power  P wrill  caufe  it  to  defcend,  and  raife 
the  weight  W;  and  the  velocity  with  which  the 
power  defcends  will  be  to  the  velocity  with 
which  the  weight  rifes,  as  12  to  1 : that  is, 
dire&ly  as  their  didances  from  the  prop  ; and 
confequently,  as  the  fpaces  through  which  they 
move.  Hence,  it  is  plain,  that  a man,  who  by 
his  natural  drength,  without  the  help  of  any 
machine,  could  fupport  a hundred  weight,  will 
by  the  help  of  this  lever  be  enabled  to  fupport 
„•  twelve 
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twelve  hundred.  If  the  weight  be  lefs,  or  the 
power  greater,  the  prop  may  be  placed  fo  much 
farther  from  the  weight,  and  then  it  can  be 
railed  to  a proportionably  greater  height.  For, 
univerfally,  if  the  intenfity  of  the  weight  mul- 
tiplied into  its  diftance  from  the  prop  be  equal 
to  the  intenfity  of  the  power  multiplied  into  its 
diftance  from  the  prop,  the  power  and  weight 
will  exactly  balance  each  other  ; and  a little  ad- 
dition to  the  power  will  raife  the  weight.  Thus, 
in  the  preferit  inftance,  the  weight  W is  12 
ounces,  and  its  diftance  from  the  prop  is  1 inch ; 
and  1 2 multiplied  by  1 is  12;  the  power  P is 
equal  to  1 ounce,  and  its  diftance  from  the  prop 
is  12  inches,  which  multiplied' by  1 is  1 2 again  ; 
and  therefore  there  is  an  equilibrium  between 
them.  So,  if  a poiver  equal  to  2 ounces  be  ap- 
plied at  the  diftance  of  6 inches  from  the  prop, 
it  will  juft  balance  the  weight  W;  for  6 multi- 
plied by  2 is  1 2,  as  before.  And  a power  equal 
to  3 ounces  placed  at  4 inches  diftance  from  the 
prop  would  be  the  fame  ; for  3 times  4 is  12; 
and  fo  on,  in  proportion. 

The  Jlatera  or  Roman  Jleelyard  is  a lever  of  The fled- 
this  kind,  and  is  ufed  for  finding  the  weights  of  in- 
different bodies  by  one  fingle  weight  placed  at 
different  diftances  from  the  prop  or  center  of 
motion  D.  For,  if  a fcale  hangs  at  A , the  ex- 
tremity of  the  fhorter  arm  A B,  is  of  fuch 
a weight  as  will  exa&ly  counterpoife  the  longer 
arm  BC ; if  this  arm  be  divided  into  as  many 
equal  parts  as>  it  will  contain,  each  equal  to  AB, 
the  fing-le  weight  P (which  we  may  fuppofe  to 
be  1 pound)  will  ferve  for  weighing  any  thing 
as  heavy  as  itfelf,  or  as  many  times  heavier  as 
there  are  divisions  in  the  arm  BC,  or  any  quan- 
tity between  its  own  weight  and  that  quantity. 

E As 
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As  for  example,  if  P be  i pound,  and  placed 
at  the  firft  divifion  i in  the  arm  BC , it  will 
balance  i pound  in  the  fcale  at  A : if  it  be  re- 
moved to  the  fecond  divifion  at  a,  it  will  ba- 
lance 2 pounds  in  the  fcale  : if  to  the  third,  3 
pounds ; and  fo  on  to  the  end  of  the  arm  BC. 
If  each  of  thefe  integral  divifions  be  fubdivided 
into  as  many  equal  parts,  as  a pound  contains 
ounces,  and  the  weight  P be  placed  at  any  of 
thefe  fubdivifions,  fo  as  to  counterpoife  what  is 
in  the  fcale,  the  pounds  and  odd  ounces  therein 
will  by  that  means  be  afcertained. 

To  this  kind  of  lever  may  be  reduced  feve- 
ral  forts  of  inftruments,  fuch  as  fciffars,  pincers, 
fnuffers  ; which  are  made  of  two  levers  adting 
contrary  to  one  another  : their  prop  or  center  of 
motion  being  the  pin  which  keeps  them  toge- 
. ther. 

In  common  practice,  the  longer  arm  of  this 
lever  greatly  exceeds  the  weight  of  the  fhorter  : 
which  gains  great  advantage,  becaufe  it  adds  fo 
1 much  to  the  power. 

The  fe-  A lever  of  the  fecond  kind  has  the  weight 
concl  kind  between  the  prop  and  the  power.  In  this,  as 
01  crer’  v/ep  as  the  fprmer,  the  advantage  gained  is  as 
the  diftance  of  the  power  from  the  prop  to  the 
diftance  of  the  weight  from  the  prop  : for  the 
refpedlive  velocities  of  the  power  and  weight  are 
in  that  proportion ; and  they  will  balance  each 
other  when  the  intenfity  of  the  power  multi- 
plied by  its  diftance  from  the  prop  is  equal  to 
the  intenfity  of  the  weight  multiplied  by  its  dif- 
Flg.  2.  tancc  from  the  prop.  Thus,  if  AB  be  a lever 
on  which  the  weight  IV  of  6 ounces  hangs  a{  the 
diftance  of  1 inch  from  the  prop  G,  and  a power 
P equal  to  the  weight  of  1 ounce  hangs  at  the 
end.  B,  6 inches  from  the  prop,  by  the  cord’ 
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CD  going  over  the  fixed  pulley  E,  'the  power 
will  juft  fupport  the  weight : and  a fmall  addi- 
tion to  the  power  will  ra’fe  the  weight,  i inch 
for  every  6 inches  that  the  power  defcends. 

This  lever  fhews  the  reafon  why  two  men 
carrying  a burden  upon  a flick  between  them, 
bear  unequal  fhares  of  the  burden  in  the  in- 
verfe  proportion  of  their  diftances  from  it.  For 
it  is  well  known,  that  the  nearer  any  of  them  is 
to  the  burden,  the  greater  fhare  he  bears  of  it : 
and  if  he  goes  directly  under  it,  he  bears 
the  whole.  So,  if  one  man  be  at  G,  and  the 
other  at  P,  having  the  pole  or  dick  AB  reding 
on  their. fhoulders  ; if  the  burden  or  weight  W 
be  placed  -five  times  as  near  the  man  at  G,  as  it 
is  to  the  man  at  P,  the  former  will  bear  five 
times  as  much  weight  as  the  latter.  This  is 
likewife  applicable  to  the  cafe  of  two  horfes  of 
unequal  drength  to  be  fo  yoked,  as  that  each 
horfe  may  draw  a part  proportionate  to  his 
diength  ; which  is  done  by  io  dividing  the  beam 
they  pull,  that  the  point  of  traftion  may  be  as 
much  nearer  to  the  dronger  horfe  than  to  the 
weaker,  as  the  drength  of  the  former  exceeds 
that  of  the  latter. 


To  this  kind  of  lever  may  be  reduced  oars, 
rudders  ol  fliips,  doors  turning  upon  hinp-es,- 
cutting-knives  which  are  fixed  at  the  point"  of 
the  blade,  and  the  like. 

If  in  this  lever  we  fuppofe  the  power  andThethlr 
weight  to  change  places,  fo  that  the  power  may  kind  of 
be  between  the  weight  and  the  prop,  it  will  be-  lever‘ 
come  a lever  of  the  third  kind  : in  which,  that 
lere  may  be  a balance  between  the  power  and 
rp7S?ht’  thermtenflt?  of  the  power  mud  ex- 

it*"”?  ?f  the  wdKht>  as  much 

the  chftance  ol  the  weight  from  the  prop  ex- 
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seeds  the  diftances  of  the  power  from  it.  Thus, 
let  E be  the  prop  of  the  lever  AB , and  W a 
weight  of  1 pound,  placed  3 times  as  far  from 
the  prop,  as  the  power  P acts  at  F,  by  the 
cord  C going  over  the  fixed  pulley  D ; in  this 
cafe,  the  power  mull  be  equal  to  three  pounds, 
in  order  'to  fupport  the  weight. 

To  this  fort  of  lever  are  generally  referred 
the  bones  of  a man’s  arm  : for  when  we  lift  a 
weight  by  the  hand,  the  mufcle  that  exerts  its 
force  to  raife  that  weight,  is  fixed  to  the  bone 
about  one  tenth  part  as  far  below  the  elbow  as 
the  hand  is.  And  the  elbow  being  the  center 
round  which  the  lower  part  of  the  arm  turns, 
the  mufcle  muft  therefore  exert  a force  ten  times 
as  great  as  the  weight  that  is  raifed. 

As  this  kind  of  lever  is  a difadvantage  to  the 
moving  power,  it  is  never  ufed  but  in  cafes  of 
neceffity  ; fuch  as  that  of  a ladder,  which  being 
fixed  at  one  end,  is  by  the  firength  of  a man’s 
arms  reared  againft  a wall.  And  in  clock  work, 
where  all  the  wheels  may  be  reckoned  levers  of 
this  kind,  becaufe  the  power  that  moves  every 
wheel,  except  the  firfi,  adts  upon  it  near  the  cen- 
ter of  motion  by  means  of  a fmall  pinion,  and 
the  refifiance  it  has  to  overcome,  adts  againfl  the 
•teeth  round  its  circumference. 

The  fourth  kind  of  lever  differs  nothing  from 
the  firfi;,  but  in  being  bended  for  the  fake  of  con- 
venience. ACB  is  a lever  of  this  fort,  bended 
at  C,  which  is  its  prop,  or  center  of  motion. 
P is  a power  adting  upon  the  longer  arm  AC  at 
F,  by  means  of  the  cord  DE  going  over  the 
pulley  G ; and  IF  is  a weight  or  refiftance  adting 
upon  the  end  B of  the  fhorter  arm  BC.  If  the 
power  is  to  the  weight,  as  CB  is  to  CF , they 
are  in  cquilibrio.  Thus,  fuppofe  W 
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pounds  adting  at  the  diftance  of  one  foot  from 
the  center  of  motion  C , and  P to  be  1 pound 
acting  at  F,  five  feet  from  the  center  C,  the 
power  and  weight  will  juft  balance  each  other. 

A hammer  when  ufed  in  drawing  a nail  is  a lever 
of  this  fort. 

2.  The  fecond  mechanical  power  is  the  wheel  The wheel 
and  axle , in  which  the  power  is  applied  to  and  axle. 

circumference  of  the  wheel,  and  the  weight  is 
raifed  by  a rope  which  coils  about  the  axle  as  the 
wheel  is  turned  round.  Here  it  is  plain  that 
the  velocity  of  the  power  mu  ft  be  to  the  velocity 
of  the  weight,  as  the  circumference  of  the  wheel 
is  to  the  circumference  of  the  axle  : and  confe- 
quently,  the  power  and  weight  will  balance  each 
other,  when  the  intend ty  of  the  power  is  to  the 
intenfity  of  the  weight,  as  the  circumference*of 
the  axle  is  to  the  circumference  of  the  wheel. 

Let  AB  be  a wheel,  CD  its  axle,  and  fuppofe  Fio- 
the  circumference  of  the  wheel  to  be  8 times  as  ** 
great  as  the  circumference  of  the  axle  ; then,  a 
power  P equal  to  1 pound  hanging  by  the  cord 
/,  which  goes  round  the  wheel,  will  balance  a 
weight  W of  8 pounds  hanging  by  the  rope  K, 
which  goes  round  the  axle.  And  as  the  friction 
on  the  pivots  or  gudgeons  of  the  axle  is  but  • 
fmall,  a fmall  addition  to  the  power  will  caufe 
it  to  defcend,  and  raife  the  weight : but  the 
weight  will  rife  with  only  an  eighth  part  of  the 
velocity  wherewith  the  power  defcends,  and  con- 
lequently,  through  no  more  than  an  eighth  part 
of  an  equal  fpace,  in  the  fame  time.  If  the 
wheel  be  pulled  round  by  the  handles  S , 5,  the 
power  will  be-  increafed  in  proportion  to  their 
length.  And  by  this  means,  any  weight  may 
be  raifed  as  high  as  the  operator  pleafes. 

E 3 
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To  this  fort  of  engine  belong  all  cranes  for 
raifmg  great  weights ; and  in  this  cafe,  the 
' wheel  may  have  cogs  all  round  it  inftead  of  han- 
dles, and  a fmall  lantern  or  trundle  may  be  made 
to  work  in  the  cogs,  and  be  turned  by  a winch  ; 
which  will  make  the  power  of  the  engine  to  ex- 
ceed the  power  of  the  man  who  works  it,  as 
much  as  the  number  of  revolutions  of  the  winch 
exceed  thofe  of  the  axle  D , when  multiplied 
by  the  excefs  of  the  length  of  the  winch  above 
the  length  of  the  femidiameter  of  the  axle, 
added  to  the  femidiameter  or  half  thicknefs  of 
the  rope  K,  by  which  the  weight  is  drawn  up.' — 
Thus,  fuppofe  the  diameter  of  the  rope  and 
axle  taken  together,  to  be  13  inches,  and  confe- 
quently,  half  their  diameters  to  be  6i  inches  ; fo 
that  the  weight  W will  hang  at  6'-  inches  per- 
pendicular diftance  from  below  the  center  of 
the  axle.  Now,  let  us  fuppofe  the  wheel  AB , 
'-which  is  fixt  on  the  axle,  to  have  80  cogs,  and 
to  be  turned  by  means  of  a winch  inches 
long,  fixt  on  the  axis  of  a trundle  of  8 (laves  or 
rounds,  working  in  the  cogs  of  the  wheel. — 
Here  it  is  plain,  that  the  winch  and  trundle 
would  make  10  revolutions  for  one  of  the  wheel 
AB , and  its  axis  D , on  which  the  rope  K winds 
in  raifmg  the  weight  W ; and  the  winch  being 
no  longer  than  the  fum  of  the  femidiameters  of 
the  great  axle  and  rope,  the  trundle  could  have 
no  more  power  on  the  wheel,  than  a man  could 
have  by  pulling  it  round  by  the  edge,  becaufe 
the  winch  would  have  no  greater  velocity  than 
the  edge  of  the  wheel  has,  which  we  here  fup- 
pofe to  be  ten  times  as  great  as  the  velocity  of 
the  lifing  weight : fo  that,  in  this  cafe,  the 
power  gained  would  be  as  10  to  1.  But  if  the 
length  of  the  winch  be  13  inches,  the  power 
p - gained 
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gained  will  be  as  20  to  i : if  194.  inches  (which 
is  long  enough  for  any  man  to  work  by)  the 
power  gained  would  be  as  30  to  1 ; that  is,  a 
man  could  raife  30  times  as  mush  by  fuch  an 
engine,  as  he  could  do  by  his  natural  ftrength 
without  it,  becaufe  the  velocity  of  the  handle  of 
the  winch  would  be  30  times  as  great  as  the  ve- 
locity of  the  rifing  weight ; the  abfolute  force 
of  any  engine  being  in  proportion  of  the  velocity 
of  the  power  to  the  velocity  of  the  weight  railed 
by  it. — But  then,  juft  as  much  power  or  advan- 
tage as  is  gained  by  the  engine,  fo  much  time  is 
loft  in  working  it.  In  this  fort  of  machines  it  is 
requifite  to  have  a ratchet-wheel  G on  one  end 
of  the  axle,  with  a catch  H to  fall  into  its  teeth  ; . 

which  will  at  any  time  fupport  the  weight,  and 
keep  it  from  defcending,  if  the  perfon  who  turns 
the  handle  fhould,  through  inadvertency  or  care- 
leffnefs  quit  his  hold  while  the  weight  is  raifing. 

And  by  this  means,  the  danger  is  prevented  which 
might  otherwife  happen  by  the  running  down  of 
the  weight  when  left  at  liberty. 

3.  The  third  mechanical  power  or  engine  con-  The/a/- 
fifts  either  of  one  moveable  pulley , or  a fyflem  of 
pulleys  ; fome  in  a block  or  cafe  which  is  fixed, 
and  others  in  a block  which  is  moveable,  and 
rifes  with  the  weight.  For  though  a fingle 
pulley  that  only  turns  on  its  axis,  and  moves  not 
out  of  its  place,  may  ferve  to  change  the  di- 
rection of  the  power,  yet  it  can  give  no  mecha- 
nical advantage  thereto  ; but  is  only  as  the  beam 
ot  a balance,  whofe  arms  are  of  equal  length  and 
weight.  Thus,  if  the  equal  weights  W and  P Fi*  6 
hang  by  the  cord  BB  upon  the  pulley  A,  whofe 
frame  6 is  fixed  to  the  beam  HI,  they  will  coun- 
erpoi  e eac  other,  juft  in  the  fame  manner  as 
it  the  cord  were  cut  in  the  middle,  and  its  two 
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ends  hung  upon  the  hooks  fixt  in  the  pulley  at 
A and  A , equally  diflant  from  its  center. 

But  if  a weight  W hangs  at  the  lower  end  of 
the  moveable  block  p of  the  pulley  D , and  the 
cord  GF  goes  under  that  pulley,  it  is  plain  that 
the  half  G of  the  cord  bears  one  half  of  the 
weight  W , and  the  half  F the  other  ; for  they 
bear  the  whole*  between  them.  Therefore, 
whatever  holds  the  upper  end  of  either  rope, 
fuftains  one  half  of  the  weight : and  if  the  cord 
at  F be  drawn  up  fo  as  to  raife  the  pulley  D to  C> 
the  cord  will  then  be  extended  to  its  whole 
length,  all  but  that  part  which  goes  under  the 
pulley  : and  confequently  the  power  that  draws 
the  cord  will  have  moved  twice  as  far  as  the 
pulley  D with  its  weight  W rifes  ; on  which 
account,  a power  whole  intenfity  is  equal  to  one 
half  of  the  weight  will  be  able  to  fupport  it, 
becaufe  if  the  power  moves  (by  means  of  a fmall 
addition)  its  velocity  will  be  double  the  velocity 
of  .the  weight ; as  may  be  feen  by  putting  the 
cord  over  the  fixt  pulley  C (which  only  changes 
the  direftion  of  the  power,  without  giving  any 
advantage  to  it)  and  hanging  on  the  weight  P , 
which  is  equal  only  to  one  half  the  weight  W ; 
in  which  cafe  there  will  be  an  equilibrium,  and  a 
little  addition  to  P will  caufe  it  to  defcend,  and 
raife  W through  a fpace  equal  to  one  half  of  that 
through  which  P defcends. — Hence,  the  advan- 
tage gained  will  be  always  equal  to  twice  the 
number  of  pulleys  in  the  moveable  or  undermoft 
block.  So  that,  when  the  upper  or  fixt  block 
u contains  two  pulleys,  which  only  turn  on  their 
axis,  and  the  lower  or  moveable  block  U con- 
tains two  pulleys,  which  not  only  turn  upon  their 
axis,  but  alfo  rife  with  the  block  and  weight ; 
the  advantage  gained  by  this  is  as  4 to  the 

working 
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working  power.  Thus,  if  one  end  of  the  rope 
KMOk^  be  fixed  to  a hook  at  /,  and  the  rope 
pafles  over  the  pulleys  N and  R,  and  under  the 
pulleys  L and  P,  and  has  a weight  T,  of  one 
pound,  hung  to  its  other  end  at  T,  this  weight 
will  balance  and  fupport  a weight  W of  four 
pounds  hanging  by  a hook  at  the  moveable 
block  U,  allowing  the  faid  block  as  a part  of  the 
weight.  And  if  as  much  more  power  be  added, 
as  is  fufficient  to  overcome  the  fridtion  of  the 
pulleys,  the  power  will  defcend  with  four  times 
as  much  velocity  as  the  weight  rifes,  and  confe- 
queritly  through  four  times  as  much  fpace. 

The  two  pulleys  in  the  fixed  block  X , and 
the  two  in  the  moveable  block  T,  are  in  the 
fame  cafe  with  thofe  laft  mentioned  ; and  thofe 
in  the  lower  block  give  the  fame  advantage  to 
the  power. 

As  a fyftem  of  pulleys  has  no  great  weight, 
and  lies  in  a fmall  compafs,  it  is  eafily  carried 
about ; and  can  be  applied  in  a great  many 
cafes,  for  raifing  weights,  where  other  engines 
cannot.  But  they  have  a great  deal  of  fri&ion 
on  three  accounts : l . Becaufe  the  diameters  of 
their  axes  bear  a very  confiderable  proportion  to 
their  own  diameters ; 2.  Becaufe  in  working 
they  are  apt  to  rub  againft  one  another,  or  againft 
the  Tides  of  the  block  ; 3.  Becaufe  of  the  ftiffnefs 
of  the  rope  that  goes  over  and  under  them. 

4.  i he  fourth  mechanical  power  is  the  in-  The  in- 
dined,  plane,,  and  the  advantage  gained  by  it  is  dined 
as  great  as  its  length  exceeds  its  perpendicular fiane- 
height.  Let  AB  be  a plane  parallel  to  the  hori-  Vr 
zon,  and  CD  a plane  inclined  to  it ; and  fuppofe  Fie.  1. 
the  whole  length  CD  to  be  three  times  as  great 
as  the  perpendicular  height  G/P;  in  this  cafe, 
vne  cylinder  E will  be  fupported  upon  the  plane 
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CD,  and  kept  from  rolling  down  upon  it,  by 
a power  equal  to  a third  part  of  the  weight  of 
the  cylinder.  Therefore,  a weight  may  be  rolled 
up  this  inclined  plane  with  a third  pan  of  the 
power  which  would  be  fufHcient  to  draw  it  up  by 
the  fide  of  an  upright  wall.  If  the  plane  was 
four  times  as  long  as  high,  a fourth  part  of  the 
power  would  be  fufficient ; and  fo  on,  in  pro. 
portion.  Or,  if  a weight  was  to  be  raifed  from  a 
floor  to  the  heighr  GF,  by  means  of  the  machine 
ABCD,  (which  would  then  aft  as  a half  wedge, 
where  the  refinance  gives  way  only  on  one  fide) 
themachine  and  weight  would  b tin  equilibria  when 
the  power  applied  at  GF  was  to  the  weight  to 
be  raifed,  as  GF  to  GB  ; and  if  the  power  be 
increafed,  fo  as  to  overcome  the  friftion  of  the 
machine  againft  the  floor  and  weight,  the  machine 
will  be  driven,  and  the  weight  raifed  : and  when 
the  machine  has  moved  its  whole  length  upon 
the  floor,  the  weight  will  be  raifed  to  the  whole 
height  from  G to  F. 

The  force  wherewith  a rolling  body  defcends 
upon  an  inclined  plane,  is  to  the  force  of  its  ab- 
folute  gravity,  by  which  it  would  defcend  per- 
pendicularly in  a free  fpace,  as  the  height,  of 
the  plane  is  to  its  length.  For,  fuppofe  the  plane 
F'g’ AB  to  be  parallel  to  the  horizon,  the  cylinder  C 
wall  keep  at  reft  upon  any  part  of  the  plane 
where  it  is  laid.  If  the  plane  be  fo  elevated, 
FJ’g-  3*  that  its  perpendicular  height  D is  equal  to  half 
its  length  AB,  the  cylinder  wall  roll  do'wn  upon 
the  plane  with  a force  equal  to  half  its  weight  j 
for  it  would  require  a power  (afting  in  the  di- 
rection of  AB)  equal  to  half  its  weight,  to  keep 
Fig-  4-  it  from  rolling.  If  the  plane  AB  be  elevated, 
fo  as  to  be  perpendicular  to  the  horizon,  the  cy- 
linder C will  defcend  with  its  whole  force  of 

gravity, 
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eravitv,  becaufe  the  plane  contributes  nothing 
to  its  fupport  or  hindrance;  and  therefore,  it 
would  require  a power  equal  to  its  whole  weight 
to  keep  it  from  defending. 

Let  the  cylinder  C be  made  to  turn  upon  Fig-  5. 
{lender  pivots  in  the  frame  D , in  which  there  is 
a hook  e , with  a line  G tied  to  it : let  this  line  go 
over  the  fixed  pulley  H,  and  have  its  other  end 
tied  to  the  hook  in  the  weight  /.  If  the  weight 
of  the  body  /,  be  to  the  weight  of  the  cylinder 
C,  added  to  that  of  its  frame  D,  as  the  perpen- 
dicular height  of  the  plane  LM  is  to  its  length 
AB , the  weight  will  juft  fupport  the  cylinder 
upon  the  plane,  and  a fmall  touch  of  a finger 
will  either  caufe  it  to  afcend  or  defcend  with 
equal  eafe  : then,  if  a little  addition  be  made  to 
the  weight  /,  it  will  defcend,  and  draw  the  cylin- 
der up  the  plane.  In  the  time  that  the  cylinder 
moves  from  A to  B , it  will  rife  through  the 
whole  height  of  the  plane  ML  ; and  the  weight 
will  defcend  from  H to  K , through  a fpace  equal 
to  the  whole  length  of  the  plane  AB. 

If  the  machine  be  made  to  move  upon  rollers 
or  friction-wheels,  and  the  cylinder  be  fupported 
.upon  the  plane  CB  by  a line  G parallel  to  the 
plane,  a power  fomewhat  lefs  than  that  which 
drew  the  cylinder  up  the  plane  will  draw  the 
plane  under  the  cylinder,  provided  the  pivots  of 
the  axes  of  the  fridtion- wheels  be  fmall,  and  the 
wheels  themfelves  be  pretty  large.  For,  let  the 
machine  ABC  (equal  in  length  and  height  to  p-;g  5. 
ABM , Fig.  5.)  move  upon  four  wheels,  two 
whereof  appear  at  D and  E ; and  the  third 
under  C,  while  the  fourth  is  hid  from  fight  by 
the  horizontal  board  a.  Let  the  cylinder  F be 
laid  upon  the  lower  end  of  the  inclined  plane 
CL,  and  the  line  G be  extended  from  the  frame 
of  the  cylinder,  about  fix  feet  parallel  to  the 

plane 
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plane  CB  ; and,  in  that  direction,  fixed  to  a hook 
in  the  wall ; which  will  fupport  the  cylinder,  and 
keep  it  from  rolling  off  the  plane.  Let  one  end 
of  the  line  H be  tied  to  a hook  at  C in  the  ma- 
chine, and  the  other  end  to  a weight  K , fome- 
what  lefs  than  that  which  drew  the  cylinder  up 
the  plane  before.  If  this  line  be  put  over  the 
fixed  pulley  /,  the  weight  K will  draw  the  ma- 
chine along  the  horizontal  plane  L,  and  under 
the  cylinder  F : and  when  the  machine  has  been 
drawn  a little  more  than  the  whole  length  CA , 
the  cylinder  will  be  raifed  to  d , equal  to  the  per- 
pendicular height  AB  above  the  horizontal  part 
at  A.  The  reafon  why  the  machine  mud  be 
drawn  further  than  the  whole  length  CA  is,  be- 
caufe  .ihe  weight  F rifes  perpendicular  to  CB. 

To  the  inclined  plane  may  be  reduced  all 
hatchets,  chilels,  and  other  edge-tools  which  are 
, chamfered  only  on  one  fide. 

The  5.  The  fifth  mechanical  power  or  machine  is 

wedge.  the  wedge , which  may  be  confidered  as  two 
equally  inclined  planes  DEF  and  CEF,  joined 
Fi£.  8.  together  at  their  bafes  e EFO : then  DC  is  the 
whole  thicknefs  of  the  wedge  at  its  back  A BCD, 
where  the  power  is  applied  : EF  is  the  depth  or 
heighth  of  the  wedge  : DF  the  length  of  one  of 
its  fides,  equal  to  CF  the  length  of  the  other 
fide  ; and  OF  is  its  fharp  edge,  which  is  entered 
into  the  wood  intended  to  be  fplit  by  the  force  of 
a hammer  or  mallet -ftriking  perpendicularly  on 
its  back.  Thus  AB  b is  a wedge  driven  into 
Firr  the  cleft  CDE  of  the  wood  FG. 
r,£j’  9'  When  the  wood  does  not  cleave  at  any  dis- 
tance before  the  wedge,  there  will  be  an  equili- 
brium between  the  power  impelling  the  wedge 
downward,  and  the  refiftance  of  the  wood  act- 
ing againft  the  two  fides  of  the  wedge  when  the 
power  is  to  the  refiftance,  as  half  the  thicknefs 

of 
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of  the  wedge  at  its  back  is  to  the  length  of  either 
' of  its  Tides ; becaufe  the  refiftance  then  a&s  per- 
pendicular to  the  Tides  of  the  wedge.  But,  when 
the  refiftance  on  .each  Tide  a&s  parallel  to  the 
back,  the  power  that  balances  the  refiftances  on 
both  Tides  will  be  as  the  length  of  the  whole 
back  of  the  wedge  is  to  double  its  perpendicular 
height. 

When  the  wood  cleaves  at  any  diftance  before 
the  wedge  (as  it  generally  does)  the  power  im- 
pelling the  wedge  will  not  be  to  the  refiftance  of 
the  wood,  as  the  length  of  the  back  of  the  wedge 
is  to  the  length  of  both  its  Tides  ; but  as  half 
the  length  of  the  back  is  to  the  length  of  either 
fide  of  the  cleft,  eftimated  from  the  top  or  acting 
part  of  the  wedge.  For,  if  we  fuppofe  the  wedge 
to  be  lengthened  down  From  b to  the  bottom  of 
the  cleft  at  E , the  fame  proportion  will  hold  ; 
namely,  that  the  power  will  be  to  the  refiftance, 
as  half  the  length  of  the  back  of  the  wedge  is  to 
the  length  of  either  of  its  Tides  : or,  which 
amounts  to  the  fame  thing,  as  the  whole  length 
of  the  back  is  to  the  length  of  both  the  Tides. 

In  order  to  prove  what  is  here  advanced  con- 
cerning the  wedge,  let  us  fuppofe  the  wedge  to 
be  divided  lengthwife  into  two  equal  parts  ; and 
then  it  will  become  two  equal  inclined  planes  ; 
one  of  which,  as  a b c,  may  be  made  ufe  of  as  a Ylg.  ?, 
half  wedge  for  feparating  the  moulding  c d from 
the  wainfcot  AB.  It  is  evident,  that  when  this 
half  wedge  has  been  driven  its  whole  length  a c 
between  the  wainfcot  and  moulding,  its  Tide  a c 
will  be  at  e d ; and  the  moulding  will  be  fepa- 
rated  to  f g from  the  wainfcot.  Now,  from  what 
has  been  already  proved  of  the  inclined  plane,  it 
appears,  that  to  have  an  equilibrium  between  the 
power  impelling  the  half  wedge,  and  the  refift- 
ance of  the  moulding,  the  former  muft  be  to  the 

latter, 
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latter,  as  ab  to  ac  ; that  is,  as  the  thicknefs  of  the 
back  which  receives  the  {broke  > is  to  the  length 
of  the  fide  againft  which  the  moulding  afts. 
Therefore,  fince  the  power  upon  the  half  wedge 
is  to  the  refiftance  againft  its  fide,  as  the  half 
back  a b is  to  the  whole  fide  a c,  it  is  plain,  that 
the  power  upon  which  the-  whole  wedge  (where 
the  whole  back  is  double  the  half  back)  mufl  be 
to  the  refiftance  againft  both  its  fides,  as  the 
thicknefs  of  the  whole  back  is  to  the  length  of 
both  the  Tides  ; fuppofing  the  wedge  at  the- bot- 
tom of  the  cleft : or  as  the  thicknefs  of  the  whole 
back  to  the  length  of  both  Tides  of  the  cleft, 
when  the  wood  fpiits  at  any  diftance  before  the 
wedge.  For,  when  the  wedge  is  driven  quite 
into  the  wood,  and  the  wood  fpiits  at  ever  fo 
fmall  a diftance  before  its  edge,  the  top  of  the 
wedge  then  becomes  the  afting  part,  becaufe  the 
wood  does  not  touch  it  any  where  elfe.  And 
fmce  the  bottom  of  the  cleft  muft  be  confidered 
as  that  part  where  the  whole  ftickage  or  refiftance 
is  accumulated,  it  is  plain,  from  the  nature  of 
the  lever,  that  the  farther  the  power  afts  from 
the  refiftance,  the  greater  is  the  advantage. 

Some  writers  have  advanced,  that  the  power 
cf  the  wedge  is  to  the  refiftance  to  be  overcome, 
as  the  thicknefs  of  the  back  of  the  wedge  is  to 
the  length  only  of  one  of  its  Tides  ; which  feems 
very  ftrange  : for,  if  \ve  fuppofe  AB  to  be  a 
ftrong  inflexible  bar  cf  wood  or  iron  fixt  into  the 

Fig.  10.  ground  at  CB , and  D and  E to  be  two  blocks  of 
marble  lying  on  the  ground  on  oppofite  fides  of 
the  bar ; it  is  evident  that  the  block  D may  be 
feparated  from  the  bar  to  the  diftance  d , equal  to 
ab,  by  driving  the  inclined  plane  or  half  wedge 
a bo  down  between  them  ; and  the  block  E may 
be  feparated  to  an  equal  diftance  on  the  other 
fide,  in  like  manner,  by  the  half  wedge  cdo. 

But 
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Put  the  power  impelling  each  half  wedge  will  be 
to  the  refiftance  of  the  block  againft  its  fide,  as 
the  thicknefs  of  that  half  wedge  is  to  its  perpen- 
dicular height,  becaufe  the  block  will  be  driven 
off  perpendicularly  to  the  fide  of  the  bar  AB. 
Therefore  the  power  to  drive  both  the  half 
wedges  is  to  both  the  refiftances,  as  both  the 
half  backs  is  to  the  perpendicular  height  of  each 
half  wedge.  And  if  the  bar  be  taken  away,  the 
blocks  put  clofe  together,  and  the  two  half 
wedges  joined  to  make  one ; it  will  require  as 
much  force  to  drive  it  down  between  the  blocks, 
as  is  equal  to  the  fum  of  the  feparate  powers 
a&ing  upon  the  half  wedges  when  the  bar  was 
between  them. 

To  confirm  this  by  an  experiment,  let  two  Fig 
cylinders,  as \AB  and  CD,  be  drawn  toward  one 
another  by  lines  running  over  fixed  pulleys,  and 
a weight  of  40  ounces  hanging  at  the  lines  be- 
longing  to  each  cylinder  : and  let  a wedge  of 
40  ounces  weight,  having  its  back  juft  as  thick  as 
either  of  its  fides  is  long,  be  put  between  the 
cylinders,  which  will  then  aft  againft  each  fide 
with  a refiftance  equal  to  40  ounces,  while  its 
own  weight  endeavours  to  bring  it  down  and 
feparate  them.  And  here,  the  power  of  the 
wedge’s  gravity  impelling  it  downward,  will  be 
to  the  refiftance  of  both  the  cylinders  againft  the 
wedge,  as  the  thicknefs  of  the  wedge  is  to  double 
its  perpendicular  height;  for  there  will  then  be 
an  equilibrium  between  the  weight  of  the  wedge 
and  the  refiftance  of  the  cylinders  againft  it,  and 
it  will  remain  at  any  height  between  them  ; re- 
quiring juft  as  much  power  to  pufh  it  upward 
as  to  pull  it  downward — If  another  wedge  of 

£°?ht  Snd  depth  with  this’  and  onlY  half 
as  thick,  be  put  between  the  cylinders,  it  will 

require  twice  as  much  weight  to  be  hung  at  the 

ends 
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ends  of  the  lines  which  draw  them  together,  to 
keep  the  wedge  from  going  down  between  them. 
That  is  a wedge  of  40  ounces,  whofe  .back  is 
only  equal  to  half  its  perpendicular  height,  will 
require  80  ounces  to  each  cylinder,  to  keep  it  in 
an  equilibrium  between  them  : and  twice  80  is 
160,  equal  to  four  times  40.  So  that  the  power 
will  be  always  to  the  refinance,  as  the  thicknefs 
of  the  back  of  the  wedge  is  to  twice  its  perpen- 
dicular height,  when  the  cylinders  move  off  in 
a line  at  right  angles  to  that  perpendicular.  . 

The  befl  way,  though  perhaps  not  the  neateft, 
that  I know  of,  for  making  a wedge  with  its 
appurtenances  for  fuch  experiments,  is  as  fol- 
Fig.  11.  lows.  Let  KILM  and  LMNO  be  two  flat 
pieces  of  wood,  each  about  fifteen  inches  long, 
and  three  or  four  in  breadth,  joined  together  by 
a hinge  at  LM ; and  let  P be  a graduated  arch 
of  brafs,  on  which  the  faid  pieces  of  wood  may 
be  opened  to  any  angle  not  morq  than  60  degrees, 
and  then  fixt  at  the  given  angle  by  means  of 
the  two  fcrews  a and  b.  Then,  1KNO  will 
reprefent  the  back  of  the  wedge,  LM  its  fharp 
edge  which  enters  the  wood,  and  the  outfides  of 
the  pieces  KILM  and  LMNO  the  two  fides  of 
the  wedge  againfl:  which  the  wood  adts  in  cleav- 
ing. By  means  of  the  faid  arch,  the  wedge  may 
be  opened  fo,  as  to  adjuft  the  thicknefs  of  its 
back  in  any  proportion  to  the  length  of  either  of 
its  Tides,  but  not  to  exceed  that  length  : and  any 
weight  as  p may  be  hung  to  the  wedge  upon  the 
hook  M,  which  weight,  together  with  the  weight 
of  the  wedge  itfelf,  may  be  confidered  as  the 
impelling  power  ; which  is  all  the  fame  in  the  ex- 
periment, whether  it  be  laid  upon  the  back  of 
the  wedge  to  pufli  it  down,  or  hung. to  its  edge  to 
pull  it  .down.  Let  AB  and  CD  be  two  wooden 
cylinders,  each  about  two  inches  thick,  where 
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they  touch  the  outfrdes  of  the  wedge ; and  let 
their  ends  be  made  like  two  round  fiat  plates,  to 
keep  the  wedge  from  flipping  off  edgewife  from 
between  them.  Let  a l'mall  cord  with  a loop  on 
one  end  of  it,  go  over  a pivot  in  the  end  of  each 
cylinder,  and  the  cords  S and  T belonging  to  the 
cylinder  A B go  over  the  fixt  pulleys  IT  and  -X,  and 
be  fattened  at  their  other  ends  to  the  bar  w x,  on 
which  any  weight  as  Z may  be  hung  at  pleafure. 
In  like  manner,  let  the  cords  i^and  R belonging 
to  the  cylinder  CD  go  over  the  fixt  pulleys  V and 
U to  the  bar  v u7  on  which  a weight  T' equal  to  Z 
may  be  hung.  Thefe  weights,  by  drawing  the  cy- 
linders toward  one  another,  may  be  confidered  as 
the  refittance  of  the  wood  acting  equally  againfi: 
oppofite  Tides  of  the  wedge  ; the  cylinders  them- 
felves  being  fufpended  near,  and  parallel  to  each 
other,  by  their  pivots  in  loops  on  the  lines 
EyFjG.H  ; which  lines  may  be  fixed  to  hooks  in 
the  deling  of  the  room.  The  longer  thefe  lines 
are,  the  better  : and  they  fhould  never  be  lefs  than 
four  feet  each.  The  farther  alfo  the  pulleys 
V,  U and  X , W are  from  the  cylinders,  the  truer 
will  the  experiments  be : and  they  may  turn 
upon  pins  fixed  into  the  wall. 

In  this  machine,  the  weights  T and  Z,  and  the 
weight  />,  may  be  varied  at  pleafure,  fo  as  to  be 
adjufted  in  proportion  of  double  the  wedge’s  per- 
pendicular height  to  the  thicknefs  of  its  back : 
and  when  they  are  fo  adjufted,  the  wedge  will  be 
in  equilibria  with  the  refittance  of  the  cylinders. 

The  wedge  is  a very  great  mechanical  power, 
fince  not  only  wood  but  even  rocks  edn  be  fplit 
by  it ) which  would  be  impoflible  to  effed  by  the 
lever,  wheel  and  axle,  or  pulley : for  the  force 
of  the  blow,  or  ftroke,  fliakes  the  cohering  parts, 
and  thereby  makes  them  l'eparate  more  eafily, 
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6.  The  fxth  and  laft  mechanical  power  is  the 
ferew  ; which  cannot  properly  be  called  a fimple 
machine,  becaufe  it  is  never  ufed  without  the 
application  of  a lever  or  win'ch  to  affifl  in  turn- 
ing it  : and  then  it  becomes  a compound  engine 
of  a very  great  force  either  in  preying  the  parts 
of  bodies  clofer  together,  or  in  raifing  great 
weights.  It  may  be  conceived  to  be  made  by 
. cutting  a piece  of  paper  ABC  (Fig.  12.)  into 
the  form  of  an  inclined  plane  or  half  wedge,  and 
then  wrapping  it  rouncTa  cylinder  AB  (Fig.  13). 
And  here  it  is  evident,  that  the  winch  E muff 
turn  the  cylinder  once  round  before  the  weight 
of  refiftance  D can  be  moved  from  one  fpiral 
winding  to  another,  as  from  d to  c : therefore, 
as  much  as  the  circumference  of  a circle  de- 
feribed  by  the  handle  of  the  winch,  is  greater 
than  the  interval  or  diffance  between  the  fpirals,  fo 
much  is  the  force  of  the  ferew.  Thus,  fuppoftng 
the  diffance  between  the  fpirals  to  be  half  an  inch, 
and  the  length  of  the  winch  to  be  twelve  inches  ; 
the  circle  deferibed  by  the  handle  of  the  winch 
where  the  power  adfs  will  be  76  inches  nearly,  or 
about  152  half  inches,  and  confequently  152  times 
as  great  as  the  diffance  between  the  fpirals  : and 
therefore  a power  at  the  handle,  whole  intenfity 
is  equal  to  no  more  than  a fingle  pound,  will  ba- 
lance 152  pounds  acting  againft  the  ferew  ; and 
as  much  additional  force,  as  is  fufheient  to  over- 
come the  fridtion,  will  raife  the  152  pounds ; and 
the  velocity  of  the  power  will  be  to  the  velocity 
of  the  weight,  as  152  to  1.  Hence  it  appears, 
that  the  longer  the  winch  is,  and  the  nearer  the  , 
fpirals  are  to  one  another,  fo  much  the  greater  is 
the  force  of  the  ferew. 

A machine  for  fhewing  the  force  or  power  of 
the  ferew  may  be  contrived  in  the  following 

manner : • 
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manner : Let  the  wheel  C have  a fcrew  a b on  Yig.  x4. 

its  axle,  working  in  the  teeth  of  the  wheel  D , 
which  fuppofe  to  be  48  in  number.  It  is  plain, 
that  for  every  time  the  wheel  C and  fcrew  a b are 
turned  round  by  the  winch  4->  t^ie  wheel  D will 
be  moved  one  tooth  by  the  fcrew ; and  there- 
fore, in  48  revolutions  of  the  which,  the  wheel 
D will  be  turned  once  round.  Then,  if  the  cir- 
cumference of  a circle  defcribed  by  the  handle  of 
the  winch  A be  equal  to  the  circumference  of  a 
groove  e round  the  wheel  D,  the  velocity  of  the 
handle  will  be  48  times  as  great  as  the  velocity 
of  any  given  point  in  the  groove.  Confequently, 
if  -a  line  G (above  number  48)  goes  round  file 
groove  <?,  and  has  a weight  of  48  pounds  hung 
to  it  below  the  pededal  EF,  a power  equal  to 
one  pound  at  the  handle  will  balance  and  fupport 
the  weight. — To  prove  this  by  experiment,  let 
the  circumferences  of  the  grooves  of  the  wheels 
C and  D be  equal  to  one  another  5 and  then  if 
a weight  H of  one  pound  be  fufpended  by  a line 
going  round  the  groove  of  the  wheel  C,  it  will 
balance  a weight  of  48  pounds  hanging  by  the 
line  G $ and  a frnall  addition  to  the  weight  H 
will  caufe  it  to  defcend,  and  fo  raife  up  the  other 
weight. 

If  the  line  G,  inllead  of  going  round  the 
groove  e of  the  wheel  D , goes  round  its  axle  /; 
the  power  of  the  machine  will  be  as  much  in- 
creafed,  as  the  circumference'  of  the  groove  e 
exceeds  the  circumference  of  the  axle  : which, 
fuppofing  it  to  be  fix  times,  then  one  pound  at 
H will  balance  6 times  48,  or  288  pounds  hung 
to  the  line  on  the  axle : and  hence  the  power  or 
advantage  of  this  machine  will  be  as  288  to  1. 

I hat  is  to  fay,  a man,  who  by  his  natural 
flrength  could  lift  a hundred  weight,  will  be 
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able  to  raife  288  hundred,  or  1 4 ^ ton  weight 
by  this  engine. 

But  the  following  engine  is  (till  more  power- 
ful, on  account  of  its  having  the  addition  of 
four  pulleys  : and  in  it  we  may  look  upon  all 
the  mechanical  powers  as  combined  together, 
even  if  we  take  in  the  balance.  For,  as  the  axle 
D of  the  bar  AB  enters  its  middle  at  C,  it  is  plain 
that  if  equal  weights  are  fufpended  upon  any  two 
pins  equi-diflant  from  the  axis  C,  they  will  coun- 
terpoife  each  other. — It  becomes  a lever  by 
hanging  a fmall  weight  P upon  the  pin  n , and  a 
weight  as  much  heavier  upon  either  of  the  pins 
f c,  a'r  e.  or  f as  is  in  proportion  to  the  pins 
being  fo  much  nearer  the  axis.  The  wheel  and 
axle  FG  is  evident;  fo  is  the  ferew  E which 
takes  in  the  inclined  plane,  and  with  it  the  half 
wedge.  Part  of  a cord  goes  round  the  axle,  the 
reft  under  the  lower  pulleys  If  m,  over  the  upper 
pulleys  L,  n , and  then  it  is  tied  to  a hook  at  m 
in  tire  lower  or  moveable  block,  on  which  the 
•weight  W hangs. 

In  this  machine,  if  the  wheel  F has  30  teeth, 
it  will  be  turned  once  round  in  thirty  revo- 
lutions of  the  bar  A which  is  fixt  on  the 
axis  D of  the  lcrew  E : if  the  length  of  the  bar 
Is  equal  to  twice  the  diameter  of  the  wheel,  the 
pins  a and  n at  the  ends  of  the  bar  will  move  60 
times  as.  fait  as  the  teeth  of  the  wheel  dq : and 
conlequently,  one  ounce  at  P will  balance  60 
ounces  hung  upon  a tooth  at  q in  the  horizontal 
diameter  of  the  wheel.  Then,  if  the  diameter  of 
the  wheel  F is  ten  times  as  great  as  the  diameter 
of  the  axle  G,  the  wheel  will  have  1-0  times  the 
velocity  of  the  axle. ; and  therefore  one  ounce  P 
at  the  end  of  the  lever  AC  will  balance  10  times 
60  or  600  ounces  hung  to  the  rope  H which  goes 

round 
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Tound  the  axle.  Laltly,  if  four  pulleys  be  added, 
they  will  make  the  velocity  of  the  lower  block 
K,  and  weight  W,  four  times  lefs  than  the  velo-  „ 
city  of  the  axle : and  this  being  the  iaft  power 
in  the  machine,  which  is  four  times  as  great  as 
that  gained  by  the  axle,  it  makes  the  whole 
power  of  the  machine  4 timqs  600,  or  2400* 

So  that  a man  who  could  lift  one  hundred  weight 
in  his  arms  by  his  natural  llrdngth,  would  be 
able  to  raife  2400  times  as  much  by  this  en- 
gine.—But  it  is  here  as  in  all  other  mechanical 
cafes ; for  the  time  loll  is  always  as  much  as  the 
power  gained,  becaufe  the  velocity  with  which 
the  power  moves  will  ever  exceed  the  velocity 
with  which  the  weight  rifes,  as  much  as  the  in- 
tenfity  of  the  weight  exceeds  the  intenhty  of  the 
power. 

I he  friction  of  the  fcrew  itfelf  is  very  confi- 
derable ; and  there  are  few  compound  engines, 
but  what,  upon  account  of  the  friction  of  the 
parts  againlt  one  another,  will  require  a third 
part  more  of  power  to  work  them  when  loaded, 
than  what  is  fufficient  to  conllitute  a balance 
between  the  weight  and  the  power. 
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diameter,  reckoned  from  the  outermoft  edge  of 
any  float  board  at  a to  that  of  its  oppofite  float  at 
b.  To  this  wheel  the  water  is  conveyed  through 
a channel,  and  by  falling  upon  the  wheel,  (urns 
it  round.' 

On  the  axis  BB  of  this -wheel,  and  within  the 
mill-houfe,  is  a wheel  D,  about  8 or  9 feet  dia- 
meter, having  6 1 cogs,  which  turn  a trundle  E 
containing  ten  upright  Haves  or  rounds  ; and 
when  thefe  are  the  number  of  cogs  and  rounds, 
the  trundle  will  make  6 do  revolutions  for  one 
revolution  of  the  wheel. 

The  trundle  is  fixt  upon  a ftrong  iron  axis 
called  the  fpindle,  the  lower  end  of  which  turns  in 
a brafs  foot,  fixt  at  F,  in  the  horizontal  beam  ST 
called  the  bridge-tree  ; and  the  upper  part  of  the 
fpindle  turns  in  a wooden  bufli  fixt  into  the  nether 
miilftone  which  lies  upon  beams  in  the  floor  TT. 
The  top  part  of  the  fpindle  above  the  bufli  is 
fquare,  and  goes  into  a fquare  hole  in  a ftrong  iron 
crofs  abed  (fee  Fig.  3.)  called  the  rynd  ; under 
which,  and  clofe  to  the  bufli,  is  a round  piece  of 
thick  leather  upon  the  fpindle,  which  it  turn? 
round  at  the  fame  time  as  it  does  the  rynd. 

The  rynd  is  let  into  grooves  in  the  under  fur- 
face  of  the  running  miilftone  G (Fig.  2.)  and  fo 
turns  it  round  in  the  fame  time  that  the  trundle  E 
is  turned  round  by  the  cog-wheel  D.  This  mill- 
ftone  has  a large  hole  quite  through  its  middle, 
called  the  eye  of  the  ftone,  through  which  the 
middle  part  of  the  rynd  and  upper  end  of  the 
fpindle  may  be  feen  ; while  the  four  ends  of  the 
rynd  lie  hid  below  the  ftone  in  their  grooves. 

The  end  T of  the  bridge-tree  TS  (which  fup- 
ports  the  upper  miilftone  G upon  the  fpindle)  is 
fixed  into  a hole  in  the  wall ; and  the  end  S is  let 
into  a beam  £>Ji  called  the  brayer,  whofe  end  R 
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remains  fixt  in  a mortoife  : and  its  other  end  ^ 
hangs  by  a ftrong  iron  rod  P which  goes  through 
the  floor  TT,  and  has  a fcrew-nut  on  its  top  at 
0 : by  the  turning  of  which  nuf,  the  end  4L  °f 
the  brayer  is  railed  or  deprefled  at  pleafure  ; and 
confequently  the  bridge-tree  TS  and  upper  mill- 
{lone.  Bv  this  means,  the  upper  mill-done  may 
be  fet  as  clofe  to  the  under  one,  or  raifed  as  high 
from  it,  as  the  miller  pleafes.  The  nearer  the 
millftones  are  to  one  another,  the  finer  they 
- grind  the  corn,  and  the  more  remote  from  one 
another,  the  coarfer. 

The  upper  millftone  G is  inclofed.  in  a round 
box  H,  which  does  not  touch  it  any  wfliere  ; and 
is  about  an  inch  cliftant  from  its  edge  all  around. 

On  the  top  of  this  box  (lands  a frame  for  hold- 
ing the  hopper  k k,  to  which  is  hung  the  fhoe  / 
by  two  lines  fattened  to  the  hind-part  of  it,  fixed 
upon  hooks  in  the  hopper,  and  by  one  end  of 
the  crook- firing  K fattened  to  the  fore-part  of  it 
at  i ; the  Qther  end  being  twitted  round  the  pin  L. 

As  the  pin  is  turned  one  way,  the  firing  draws 
up  the  ttioe  clofer  to  the  hopper,  and  fo  leflens 
the  aperture  between  them  ; and  as  the  pin  is 
turned  the  other  way,  it  lets  down  the  ttioe,  and 
enlarges  the  aperture. 

If  the  (hoe  be  drawn  up  quite  to  the  hopper, 
no  corn  can  fall  from  the  hopper  into  the  mill ; 
if  it  be  let  a little  down,  fome  will  fall  : and  the 
quantity  will  be  more  or  lefs,  according  as  the 
lhoe  is  more  or  lefs  let  down.  For  the  hopper  is 
open  at  bottom,  and  there  is  a hole  in  the  bottom 
of  the  lhoe,  not  direttly  under  the  bottom  of  the 
hopper,  but  forwarder  toward  the  end  over 
the  middle  of  the  eye  of  the  millttone. 

There  is  a fquare  hole  in  the  top  of  the  fpindle,FIg.  3. 
in  winch  is  put  the  feeder  e ; this  feeder  (as  the 
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fpindle  turns  round)  jogs  the  fhoe  three  times  in 
each  revolution,  and  fo  caufes  the  corn  to  run 
conftantly  down  from  the  hopper  through  the  fhoe 
into  the  eye  of  the  millflone,  where  it  falls  upon 
the  top  of  the  rynd,  and  is,  by  the  motion  of  the 
rynd,  and  the  leather  under  it,  thrown  below  the 
upper  done,  and  ground  between  it  and  the  lower 
one.  The  violent  motion  of  the  ftone  creates  a j 
centrifugal  force  in  the  corn  going  round  with  it, 
by  which  means  it  gets  farther  and  farther  from 
the  center,  as  in  a fpiral,  in  every  revolution,  \ 
until  it  be  thrown  quite  out ; and,  being  then 
ground,  it  falls  through  a [pout  M,  called  the 
mill-eye,  into  the  trough  N. 

When  the  mill  is  fed  too  faff,  the  corn  bears 
up  the  ftone,  and  is  ground  too  coarfe  ; and  be- 
fides,  it  clogs  the  mill  fo  as  to  make  it  go  too 
flow.  When  th^:  mill  is  too  flowly  fed,  it  goes 
too  faff,  and  the  ftones  by  their  attrition  are  apt 
to  ftrike  fire  againfl  one  another.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  L 
backward  or  forward,  which  draws  up  or  lets 
down  the  fhoe ; and  fo  regulates  the  feeding  as 
the  miller  fees  convenient. 

The  heavier  the  running  millflone  is,  and  the 
greater  the  quantity  of  water  that  falls  upon  the 
wheel,  fo  much  the  falter  will  the  mill  bear  to  be 
fed  ; and  confequently  fo  much  the:  more  it  will 
grind.  And  on  the  contrary,  the  lighter  the 
ftone,  and  the  lefs  the  quantity  of  water,  fo  much 
flower  muff  the  feeding  be.  But  when  the  ftone 
is  confiderably  wore,  and  become  light,  the  mill 
mult  be  fed  flowly  at  any  rate ; otherwife  the 
ftone  will  be  too  much  born  up  by  the  com  un- 
der it,  which  will  make  the  meal  coarfe. 

The  quantity  of  power  required  to  turn  a 
hgavy  millflone  is  but  very  little  more  than  what 

is 
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is  fufficient  to  turn  a light  one  : for  as  it  is  fup- 
ported  upon  the  fpindle  by  the  bridge-tree  ST, 
and  the  end  of  the  fpindle  that  turns  in  the  brafs 
foot  therein  being  but  fmall,  the  odds  arifing 
from  the  weight  is  but  very  inconfiderable  in  its 
aftion  againfl  the  power  or  force  of  the  water. 
And  befides,  a heavy  (tone  has  the  fame  advan- 
tage as  a heavy  fly  : namely,  that  it  regulates, 
the  motion  much  better  than  a light  one. 

In  order  to  cut  and  grind  the  corn,  both  the 
upper  and  under  millflones  have  channels  or 
furrows  cut  into  them,  proceeding  obliquely  from 
the  center  toward  the  circumference.  And  thefe 
furrows  are  cut  perpendicularly  on  one  fide  and 
obliquely  on  the  other  into  the  Hone,  which 
gives  each  furrow  a fharp  edge,  and  in  the  two 
itones  they  come,  as  it  were,  againfl  one  ano- 
ther like  the  edges  of  a pair  of  fciflars  : and  fo 
cut  the  corn,  to  make  it  grind  the  eafier  when  it 
falls  upon  the  places  between  the  furrows. 
Thefe  are  cut  the  fame  way  in  both  Hones  when 
they  lie  upon  their  backs,  which  makes  them  run 
crofs  ways  to  each  other  when  the  upper  Hone  is 
inverted  by  turning  its  furrowed  furface  toward 
that  of  the  lower.  For,  if  the  furrows  of  both 
Hones  lay  the  fame  way,  a great  deal  of  the  corn 
would  be  driven  onward  in  the  lower  furrows 
and  fo  come  out  from  between  the  Hones  with- 
out being  either  cut  or  bruifed. 

When  the  furrows  become  blunt  and  fhallow' 
by  wearing,  the  running  Hone  mufl  be  taken 
up,  and  both  Hones  new  dreH  with  a cllifel  and 
hammer.  And  every  time  the  Hone  is  taken  up 
there  mufl  be  forne  tallow  put  round  the  fpindle 
uPorJ  tnC  ^u^’.  whtch  will  foon  be  melted  by 
the  heat  the  fpindle  acquires  from  its  turning- 
and  rubbing  againfl  the  bufh,  and  fo  will  get  in 
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between  them  : otherwife  the  bufh  would  take 
fire  in  a very  little  time. 

The  bufh  mull  embrace  the  fpindle  quite 
clofe,  to  prevent  any  fhake  in  the  motion,  which 
would  make  fome  parts  of  the  ftones  grate  and 
fire  againft  each  other  ; while  other  parts  of  them 
would  be  too  far  afunder,  and  by  that  means 
fpoil  the  meal  in  grinding. 

Whenever  the  fpindle  wears  the  bufh  fo  as  to 
begin  to  fhake  in  it,  the  flone  muft  be  taken  up, 
and  a chifel  drove  into  feveral  parts  of  the  bufh  : 
and  when  it  is  taken  out,  wooden  wedges  mull 
be  driven  into  the  holes  ; by  which  means  the 
bufh  will  be  made  to  embrace  the  fpindle  clofe 
all  around  it  again.  In  doing  this,  great  care 
muft  be  taken  to  drive  equal  wedges  into  the 
bufh  on  oppoftte  ftdcs  of  the  fpindle  ; otherwife 
it  will  be  thrown  out  of  the  perpendicular,  and 
fo  hinder  the  upper  ftone  from  being  let  parallel 
to  the  under  one,  which  is  abfolutely  neceftary 
for  making  good  work.  When  any  accident  of 
this  kind  happens,  the  perpendicular  pofition  of 
the  fpindle  muft  be  reftored  by  adjufting  the 
bridge-tree  ST  by  proper  wedges  put  between 
it  and  the  brayer 

It  often  happens,  that  the  rynd  is  a little 
wrenched  in  laying  down  the  upper  ftone  upon 
it ; or  is  made  to  fink  a little  lower  upon  one 
fide  of  the  fpindle  than  on  the  other ; and  this 
will  caufe  one  edge  of  the  upper  ftone  to  drag 
all  around  upon  the  other,  while  the  oppoftte 
edge  will  not  touch.  But  this  is  eafily  fet  to 
rights,  by  raiftng  the  ftone  a little  with  a lever, 
and  putting  bits  of  paper,  cards,  or  thin  chips, 
between  the  rynd  and  the  ftone. 

The  diameter  of  the  upper  ftone  is  generally 
about  fix  feet,  the  lower  ftone  about  an  inch 
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more : and  the  upper  ftone,  when  new,  contains 
about  22 2 cubic  feet,  which  weighs  fomewhat 
more  than  19000  pounds,  A ftone  of  this  dia- 
meter ought  never  to  go  more  than  <6 o times 
round  in  a minute  5 for  if  it  turns  fafter,  it  will 
heat  the  meal. 

The  grinding  furface  of  the  under  ftone  is  a 
little  convex  from  the  edge  to  the  center,  and 
that  of  the  upper  ftone  a little  more  concave:  fo 
that  they  are  fartheft  from  one  another  in  the 
middle,  and  come  gradually  nearer  toward  the 
edges.  l$y  this  means,  the  corn  at  its  firft  en- 
trance between  the  ftones  is  only  bruifed ; but  as 
it  goes  farther  on  toward  the  circumference  or 
edge,  it  is  cut  fmaller  and  fmaller ; but  at  laft 
finely  ground  juft  before  it  comes  out  from  be- 
tween them. 

The  water-wheel  muft  not  be  too  large,  for 
if  it  be,  its  motion  will  be  too  flow,  nor  too 
little,  for  then  it  will  want  power.  And  for  a 
mill  to  be  in  perfection,  the  floats  of  the  wheel 
ought  to  move  with  a third  part  of  the  velocity 
of  the  water,  and  the  ftone  to  turn  round  once 
in  a fecond  of  time. 

In  order  to  conftrud  a mill  in  this  perfect 
manner,  obferve  the  following  rules : 

1.  Meafure  the  perpendicular  height  of  the 
fall  of  water,  in  feet,  above  that  part  of  the  wheel 
on  which  the  water  begins  to  ad  ; and  call  that 
the  height  of  the  fall. 

2.  Multiply  this  conftant  number  64.2882  by 
the  height  of  the  fall  in  feet,  and  the  fquare  root 
of  the  product  fhall  be  the  velocity  of  the  water 
at  the  bottom  of  the  fall,  or  the  number  of  feet 
that  the  water  there  moves  per  fecond. 

3.  Divide  the  velocity  of  the  water  by  3,  and 
the  quotient  fhall  be  the  velocity  of  the  float- 
boards  of  the  \yheel ; or  the  number  of  feet  they 
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mull  each  go  through  in  a fecond,  when  the 
water  acts  upon  them  fc,  as  to  have  the  greateft 
power  to  turn  the  mill. 

4.  Divide  the  circumference  of  the  wheel  in 
feet  by  the  velocity  of  rs  floats  in  feet  per  fe- 
cond, and  the  quotient  fhall  be  the  number  of 
feconds  in  which  the  wheel  turns  round. 

5.  By  this  lafh  number  of  feconds  divide  60; 
and  the  quotient  (hall  be  the  number  of  turns  of 
the  wheel  in  a minute. 

6.  Divide  60  (the  number  of  revolutions  the 
millflone  ought  to  have  in  a minute)  by  the 
number  of  turns  of  the  wheel  in  a minute,  and  the 
quotient  fhall  be  the  number  of  turns  the  mill- 
fione  ought  to  have  for  one  turn  of  the  wheel. 

7.  Then,  as  the  number  of  turns  of  the  wrheel 
in  a minute  is  to  the  number  of  turns  of  the 
millflone  in  a minute,  fo  muft  the  number  of 
(laves  in  the  trundle  be  to  the  number  of  cogs 
in  the  wheel,  in  the  neareft  whole  numbers  that 
can  be  found. 

By  thefe  rules  I have  calculated  the  following 
* table  to  a water-wheel  1 8 feet  diameter,  which 
I apprehend  may  be  a good  fize  in  general. 

To  conftruft  a mill  by  this  table,  find  the 
height  of  the  fall  of  water  in  the  firft  column,  and 
againfl  that  height,  in  the  fixth  column,  you  have 
the  number  of  cogs  in  the  wheel,  and  (laves  in 
the  trundle,  for  caufing  the  millflone  to  make 
about  60  revolutions  in  a minute,  as  near  as 
poflible,  when  the  wheel  goes  with  a third  part 
of  the  velocity  of  the  water.  And  it  appears  by 
the  7th  column,  that  the  number  of  cogs  in  the 
wheel,  and  (laves  in  the  trundle,  are  fo  near  the 
truth  for  the  required  purpofe,  that  the  lead 
number  of  revolutions  of  the  millflone  in  a 
minute  is  between  59  and  60,  and  the  greateft 
number  never  amounts  to  61, 
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The  MILL- WRIGHT’s  TABLE, 
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6 
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78  9 

60  .10. 

7 

21  .21 

7 -°7 

7 -5° 

8 .00 
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Of  Water-Mills. 

Such  a mill  as  this,  with  a fall  of  water  about 
74  feet,  will  require  about  32  hogfheads  every 
minute  to  turn  the  wheel  with  a third  part  of  the 
velocity  with  which  the  water  falls  ; and  to  over- 
come the  refinance  arifing  from  the  fridlion  of 
the  geers  and  attrition  of  the  (tones  in  grinding 
the  corn. 

The  greater  fall  the  water  has,  the  lefs  quan- 
tity of  it  will  ferve  to  turn  the  mill.  The  water 
is  kept  up  in  the  mill-dam,  and  let  out  by  a 
lluice  called  the  penftock,  when  the  mill  is  to  go. 
When  the  penftock  is  drawn  up  by  means  of  a 
level*,  it  opens  a paflage  through  which  the  water 
flows  to  the  wheel : and  when  the  mill  is  to  be 
ftopt,  the  penftock  is  let  down,  which  (tops  the 
water  fromialling  upon  the  wheel. 

A lefs  quantity  of  wrater  will  turn  an  overfliot- 
mill  (where  the  wheel  has  buckets  inftead  of 
float-boards)  than  a breaft-mill,  where  the  fall  of 
the  water  feldom  exceeds  half  the  height  A b of 
the  wheel.  So  that,  where  there  is  but  a fmall 
quantity  of  water,  and  a fall  great  enough  for  the 
wheel  to  lie  under  it,  the  bucket  (or  overfhot) 
wheel  is  ahvays  ufed.  But  where  there  is  a large 
body  of  water,  with  a little  fall,  the  breaft  or  float- 
board  wheel  muft  take  place.  Where  the  water 
runs  only  upon  a little  declivity,  it  can  aft  but 
flowly  upon  the  under  part  of  the  wheel  at  b ; in 
which  cafe,  the  motion  of  the  wheel  will  be  very 
flow : and  therefore,  the  floats  ought  to  be  very 
long,  though  not  high,  that  a large  body  of  water 
may  a£t  upon  them ; fo  that  what  is  wanting  in 
velocity  may  be  made  up  in  power ; and  then  the 
cog-wheel  may  have  a greater  number  of  cogs  in 
proportion  to  the  rounds  in  the  trundle,  in  order 
to  give  the  millftone  a fufficient  degree  of  velocity. 

They  who  have  read  what  is  faid  in  the  lirft 
lefture,  concerning  the  acceleration  of  bodies 
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falling  freely  by  the  power  of  gravity  a&ing 
conftantly  and  uniformly  upon  them,  may  per- 
haps afk,  Why  fhould  the  motion  of  the  wheel  be 
equable,  and  not  accelerated,  feeing  the  water 
ads  conftantly  and  uniformly  upon  it  ? The  plain 
anfwer  is,  That  the  velocity  of  the  wheel  can 
never  be  fo  great  as  the  velocity  of  the  water 
that  turns  it ; for  if  it  fhould  become  fo  great 
the  power  of  the  water  would  be  quite  loft  upon 
the  wheel,  and  then  there  would  be  no  proper 
force  to  overcome  the  fri&ion  of  the  geers  and 
attrition  of  the  ftones.  Therefore,  the  velocity 
with  which  the  wheel  begins  to  move,  will  in- 
creafe  no  longer  than  till  its  momentum  or  force 
is  balanced  by  the  refiftan.ee  of  the  working 
parts  of  the  mill : and  then  the  wheel  will  go 
on  with  an  equable  motiorh- 

> [If  the  cog-wheel  D be  made  about  1 8 inches  A hand- 
diameter,  with  30  cogs,  the  trundle  as  fmall  in  mil!' 
proportion,  with  ioftaves,  and  the  millftones  be 
each  about  two  feet  in  diameter,  and  the  whole 
work  be  put  into  a ftrong  frame  of  wood,  as  re- 
prefented  in  the  figure,  the  engine  will  be  a hand- 
mill  for  grinding  corn  or  malt  in  private  fami- 
lies* And  then,  it  may  be  turned  by  a winch 
inftead  of  the  wheel  AA  : the  millftone  making 
three  revolutions  for  every  one  of  the  winch. 

If  a heavy  fly  be  put  upon  the  axle  B , near  the 
winch,  it  will  help  to  regulate  the  motion. ] 

If  the  cogs  of  the  wheel  and  rounds  of  the 
trundle  could  be  put  in  as  exa&ly  as  the  teeth 
are  cut  in  the  wheels  and  pinions  of  a clock, 
then  the  trundle  might  divide  the  wheel  exadly : 
that  is  to  fay,  the  trundle  might  make  a given 
number  of  revolutions  for  one  of  the  wheel, 
without,  a fra&ion.  But  as  any  exaft  number  is 
not  neceffary  in  mill-work,  and  the  cors  and 
rounds  canjiot  be  fet  in  fo  truly  as  to  make  all 
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the  intervals  between  them  equal  ; a Ikilfui 
mill-wright  will  always  give  the  wheel  what  he 
calls  a hunting  cog  \ that  is,  one  more  than  what 
will  anfwer  to  an  cxa6t  divihon  of  the  wheel  by 
the  trundle.  And  then,  as  every  cog  comes  to 
the  trundle,  it  will  take  the  next  haff  or  round 
behind  the  one  which  it  took  in  the  former  re- 
volution : and  by  that  means  will  wear  all  the 
parts  of  the  cogs  and  rounds  which  work  upon 
ope  another  equal ly,  and  to  equal  didances  from 
one  another  in  a little  time  ; and  fo  make  a true 
uniform  motion  throughout  the  whole  work. 
Thus,  in  the  above  water-mill,  the  trundle  has 
10  ftaves,  and  the  wheel  61  cogs. 

Sometimes,  where  there  is  a fuflicient  quan- 
tity of  water,  the  cog-wheel  AA  turns  a large 
trundle  BB , on  whofe  axis  C is  fixed  the  hori- 
zontal wheel  D,  with  cogs  all  around  its  edge, 
turning  two  trundles  E and  F at  the  fame  time  ; 
whofe  axes  or  fpindles  G and  H turn  two  mill- 
flones  I and  K , upon  the  fixed  hones  L and  M. 
And  when  there  is  not  work  for  them  both, 
either  may  be  made  to  lie  quiet,  by  taking  out 
one  of  the  haves  of  its  trundle,  and  turning  the 
vacant  place  toward  the  cog-wdieel  D.  And 
there  may  be  a wheel  fixt  on  the  upper  end  of 
the  great  upright  axle  C for  turning  a couple  of 
boulting-mills ; and  other  work  for  drawing 
up  the  facks,  fanning  and  cleaning  the  corn, 
fharpening  of  tools,  he. 

If,  inhead  of  the  cog-wheel  AA  and  trundle 
BB,  horizontal  levers  be  fixed  into  the  axle  C, 
below  the  wheel  D ; then,  horfes  may  be  put  to 
thefe  levers  for  turning  the- mill ; which  is  often 
done  where  water  cannot  be  had  for  that  pur- 
pole. 

The  working  parts  of  a wind-mill  differ  very 
little  from  thole  of  a watyr-mill  3 only  the  former 
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is  turned  by  the  a&ion  of  the  wind  upon  four 
fails,  every  one  of  which  ought  (as  is  generally 
believed)  to  make  an  angle  of  544-  degrees  with 
a plane  perpendicular  to  the  axis  on  which  the 
arms  are  fixt  for  carrying  of  them.  It  being  de- 
monftrable,  that  when  the  fails  are  fet  to  fuch  an 
angle,  and  the  axis  turned  endwife  toward  the 
wind,  the  wind  has  the  greateft  power  upon  the 
fails.  But  this  angle  anfwers  only  to  the  cafe  of 
a vane  or  fail  juft  beginning  to  move*:  for, 

when  the  vane  has  a certain  degree  of  motion,  it 
yields  to  the  wind  : and  then  that  angle  muft  be 
increafed  to  give  the  wind  its  full  effect. 

Again,  the  increafe  of  this  angle  fhould  be 
different,  according  to  the  different  velocities 
from  the  axis  to  the  extremity  of  the  vane.  At 
the  axis  it  ftiould  be  54*-  degrees,  and  thence 
continually  decreafe,  giving  the  vane  a twift,  and 
fo  caufing  all  the  ribs  of  the  vane  to  lie  in  dif- 
ferent planes. 

Laftly,  Thefe  ribs  ought  to  decreafe  in  length 
from  the  axis  to  the  extremity,  giving  the  vane  a 
curvilineal  form  ; fo  that  no  part  of  the  force  of 
any  one  rib  be  fpent  upon  the  reft,  but  all  move 
on  independent  of  each  other.  All  this  is  re- 
quired to  give  the  fails  of  a wind-mill  their  true 
form : and  we'  fee  both  the  twift  and  the  diminu- 
tion of  the  ribs  exemplified  in  the  wings  of  birds. 

It  is  almoft  incredible  to  think  with  what 
velocity  the  tips  of  the  fails  move  when  afted 
upon  by  a moderate  gale  of  wind.  I have  fe- 
veral  times -counted  the  number  of  revolutions 
made  by  the  fails  in  ten  or  fifteen  minutes ; and 
from  the  length  of  the  arms  from  tip  to  tip, 
have  computed,  that  if  a hoop  of  that  diameter 
was  to  run  upon  the  ground  with  the  fame  velo- 

* See  M a claurin’s  Fluxion?,  near  the  end. 
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city  that  it  would  move  if  put  upon  the  fail-arms, 
if  would  go  upward  of  30  miles  in  an  hour. 

As  the  ends  of  the  fails  neareft  the  axis  can- 
not move  with  the  fame  velocity  that  the  tips  or 
fartheft  ends  do,  although  the  wind  a£fcs  equally 
ftrong  upon  them ; perhaps  a better  pofition 
than  that  of  ft  retching  them  along  the  arms  di- 
rectly from  the  center  of  motion,  might  be  to  have 
them  fet  perpendicularly  acrofs  the  farther  ends 
of  the  arms,  and  there  adjufted  lengthwife  to  the 
proper  angle.  For,  in  that  cafe,  both  ends  of 
the  fails  would  move  with  the  fame?  velocity ; 
and  being  farther  from  the  center  of  motion,  they 
would  have  fo  much  the  more  power:  and  then, 
there  would  be  no  occafion  for  having  them  fo 
large  as  they  are  generally  made  ; which  would 
render  them  lighter,  and  confequentlv,  there 
would  be  fo  much  the  lefs  fri&ion  on  the  thick 
neck  of  the  axle  where  it  turns  in  .the  wall. 

A eram.  A crane  is  an  engine  by  which  great  weights 
are  raifed  to  certain  heights,  or  let  down  to  cer- 
tain depths.  It  confifts  of  wheels,  axles,  pul- 
late  leys,  ropes,  and  a gib  or  gibbet.  When  the 

VIII.  r0pe  ll  is  hooked  to  the  weight  A",  a man  turns 
l'  the  winch  A,  on  the  axis  whereof  is  the  trundle 
A,  which  turns  the  wheel  C,  on  whofe  axis  D is 
the  trundle  E,  which  turns  the  wheel  F with  its 
upright  axis  G-,  on  which  the  great  rope  HH 
winds,  as  the  wheel  turns  ; and  going  over  a 
pulley  / at  the  end  of  the  arm  d of  the  gib  cede, 
it  draws  up  the  heavy  weight  K ; which,  being 
raifed  to  a proper  height,  as  from  a fhip  to  the 
quay,  is  then  brought  over  the  quay  by  pulling 
the  wheel  Z round  by  the  handles  z,  z,  which 
turns  the  gib  by  means  of  the  half  wheel  b fixt 
on  the  gib-poft  cc,  and  the  ftrong  pinion  a fixt 
on  the  axis  of  the  wheel  Z.  This  wheel  gives 
the  man  that  turns  it  an  abfolute  command  over 
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the  gib,  fo  as  to  prevent  it  from  taking  any  un- 
lucky fwing,  fuch  as  often  happens,  when  it  is 
only  guided  by  a rope  tied  to  its  arm  d ; and 
people  are  frequently  huft,  fometimes  killed,  by 
fuch  accidents.  " 

The  great  rope  goes  between  two  upright 
rollers  i and  k,  which  turn  upon  gudgeons  in 
the  fixed  beams / and  g ; and  as  the  gib  is  turn- 
ed toward  either  fide,  the  rope  bends  upon  the 
roller  next  that  fide.  Were  it  not  for  thefe 
rollers,  the  gib  would  be  quite  unmanageable  ; 
for  the  moment  it  were  turned  ever  fo  little  to- 
ward any  lide,  the  weight  K would  begin  to 
defcend,  becaufe  the  rope  would  be  fhortened 
between  the  pulley  I and  axis  G ; and  fo  the  gib 
would  be  pulled  violently  to  that  fide,  and  either 
be  broke  to  pieces,  or  break  every  thing  that 
came  in  its  way.  Thefe  rollers  muff  be  placed 
fo,  that  the  fides  of  them,  round  which  the  rope 
bends,  may  keep  the  middle  of  the  bended  part 
dire&ly  even  with  the  center  of  the  hole  in  which 
the  upper  gudgeon  of  the  gib  turns  in  the  beam 
f The  truer  thefe  rollers  are  placed,  the  eafier 
the  gib  is  managed,  and  the  lefs  apt  to  fwing 
either  way  by  the  force  of  the  -weight  K. 

A ratchet  wheel  ^_is  fixt  upon  the  axis  Dy 
near  the  trundle  E ; and  into  this  wheel  the  catch 
or  click  R falls.  This  hinders  the  machinery 
from  running  back  by  the  weight  of  the  burthen 
K,  if  the  man  who  raifes  it  fhould  happen  to  be 
carelefs,  and  fo  leave  off  working  at  the  winch 
A fooner  than  he  ought  to  do. 

When  the  weight  K is  raffed  to  its  proper 
height  from  the  (hip,  and  brought  over  the 
quay  by  turning  the  gib  about,  it  is  let  down 
gently  upon  the  quay,  or  into  a cart  (landing 
thereon,  in  the  following  manner : A man  takes 
hold  of  the  rope  1 1 (which  goes  over  the  pulley 
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v and  is  tied  to  a hook  at  S in  the  catch  R)  and 
lb  dilengages  the  catch  from  the  ratchet-wheel 
and  then,  the  man  at  the  winch  A turns  it 
backward,  and  lets  down  the  weight  K.  But  if 
the  weight  pulls  too  hard  againft  this  man,  ano- 
ther lays  hold  of  the  flick  V,  and  by  pulling  it 
downward,  draws  the  gripe  U clofe  to  the  wheel 
T,  which,  by  rubbing  hard  againft  the  gripe, 
hinders  the  too  quick  defcent  of  the  weight  ; 
and  not  only  fo,  but  even  flops  it  at  any  time, 
if  required.  By  this  means,  heavy  goods  may 
be  either  raifed  or  let  down  at  pleafure,  without 
any  danger  of  hurting  the  men  who  work  the 
engine. 

When  part  of  the  goods  are  craned  tip,  and 
the  rope  is  to  be  let  down  for  more,  the  catch  R 
is  fir  ft  difengaged  from  the  ratchet-wheel  by 
pulling  the  cord  t ; then' the  handle  q is  turned 
half  round  backward,  which,  by  the  crank  n n 
in  the  piece  o,  pulls  down  the  frame  h between 
the  guides  m and  m (in  which  it  Aides  in  a 
groove)  and  fo  difengages  the  trundle  B from 
the  wheel  C : and  then,  the  heavy  hook  [3  at 
the  end  of  the  rope  H defcends  by  its  own 
weight,  and  turns  back  the  great  wheel  F with 
its  trundle  £,  and  the  wheel  C ; and  this  laft 
wheel  a£ls  like  a fly  againft  the  wheel  F and 
hook  |3  ; and  fo  hinders  it  from  going  down  too 
quick  ; while  the  weight  X keeps  up  the  gripe 
U from  rubbing  againft  the  wheel  T,  by  means 
of  a cord  going  from  the  weight,  over  the  pulley 
w to  the  hook  W in  the  gripe  ; fo  that  the  gripe 
never  touches  the  wheel,  unlefs  it  be  pulled 
down  by  the  handle  V. 

When  the  crane  is  to  be:  fet  at  work  again, 
for  drawing  up  another  burthen,  the  handle  q is 
turned  half  round  forward;  which,  by  the 
crank  n n , raifes  up  the  frame  b,  and  caufes  the 
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trundle  B to  lay  hold  of  the  wheel  C ; and  then, 
by  turning  the  winch  A,  the  burthen  of  goods  K 
is  drawn  up  as  before. 

The  crank  n n turns  pretty  fliff  in  the  mortife 
near  0,  and  flops  againft  the  farther  end  of  it 
when  it  has  got  juft  a little  beyond  the  perpen- 
dicular ; fo  that  it  can  never  come  back  of  it- 
felf : and  therefore,  the  trundle  B can  never  come 
away  from  the  wheel  C,  until  the  handle  q be 
turned  half  round  backward. 

The  great  rope  runs  upon  rollers  in  the  lever 
j LM,  which  keeps  it  from  bending  between  the 
axle  at  G and  the  pulley  7.  This  lever  turns  upon 
the  axis  N by  means  of  the  weight  0,  which  is 
juft  fufficient  to  keep  its  end  L up  to  the  rope  ; fo 
that,  as  the  great  axle  turns,  and  the  rope  coils 
round  it,  the  lever  rifes  with  the  rope,  and  pre- 
vents the  coilings  from  going  over  one,  another. 

The  power  of  this  crane  may  be  eflimated  thus : 
fuppofe  the  trundle  B to  have  1 3 (laves  or  rounds, 
and  the  wheel  Cto  have  78  fpur  cogs : the  trundle 
E to  have  14  (laves,  and  the  wheel  F 56  cogs. 
Then,  by  multiplying  the  (laves  of  the  trundles, 
13  and  14,  into  one  another,  their  product  will  be 
182  ; and  by  multiplying  the  cogs  of  the  wheels, 
78  and  56,  into  one  another,  their  produfl  will  be 
4368,  and  dividing  4368  by  182,  the  quotient 
will  be  24  ; which  (hews  that  the  winch  A makes 
24  turns  for  one  turn  of  the  wheel  F and  its 
axle  G on  which  the  great  rope  or  chain  77/77 
winds.  So  that,  if  the  length  or  radius  of  the 
winch  A were  only  equal  to  half  the  diameter 
of  the  great  axle  G,  added  to  half  the  tbicknefs 
of  the  rope  77,  the  power  of  the  crane  would  be 
as  24  to  1 : but  the  radius  of  the  winch  being 
double  the  above  length,  it  doubles  the  laid 
power,  and  fo  makes  it  as  48  to  1 : in  which 
cafe,  a man  may  raife  48  times  as  much  weight 
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by  this  engine  as  he  could  do  by  his  natural 
flrength  without  it,  making  proper  allowance 
for  the  friction  of  the  working  parts. — Two 
men  may  work  at  once,  by  having  another 
winch  on  the  oppofite  end  of  the  axis  of  the 
trundle  under  B ; and  this  will  make  the  power 
double. 

If  this  power  be  thought  greater  than  what 
may  be  generally  wanted,  the  wheels  may  be 
made  with  fewer  cogs  in  proportion  to  the  ftaves 
in  the  trundles ; and  fo  the  power  may  be  of 
whatever  degree  is  judged  to  be  requifite.  But 
if  the  weight  be  fo  great  as  will  require  yet  more 
power  to  raife  it,  fuppofe  a double  quantity,  then 
the  rope  H may  be  put  under  a moveable  pul- 
ley, as  <?,  and  the  end  of  it  tied  to  a hook  in  the 
gib  at  £ ; which  will  give  a double  power  to  the 
machine,  and  fo  raife  a double  weight  hooked 
to  the  block  of  the  moveable  pulley. 

When  only  fmall  burthens  are  to  be  raifed, 
this  may  be  quickly  done  by  men  pulhing  the 
axle  G round  by  the  long  fpokes  y,  y,  y,  y ; hav- 
ing firft  difengaged  the  trundle  B from  the  wheel 
C : and  then,  this  wheel  will  only  aft  as  a fly 
upon  the  wheel  F;  and  the  catch  R will  prevent 
its  running  back,  if  the  men  fhould  inadvertently 
leave  off  pulhing  before,  the  burthen  be  unhooked 
from  ft.  x 

Laflly,  When  very  heavy  burthens  are  to  be 
raifed,  which  might  endanger  the  breaking  of 
the  cogs  in  the  wheel  F;  their  force  againft  thefe 
cogs  may  be  much  abated  by  men  pulhing  round 
the  long  fpokes  y,  y,  y,  y,  while  the  man  at  A 
turns  the  winch.  ' 

I have  only  (hewn  the  working  parts  of  this 
crane,  without  the  whole  of  the  beams  which 
fupport  them ; knowing  that  thefe  are  ealily 
\ fuppofed. 
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, fuppofed,  and  that  if  they  had  been  drawn,  they 
would  have  hid  a great  deal  of  the  working  parts 
from  fight,  and  alio  confufed  the  figure. 

Another  very  good  crane  is  made  in  the  foL  Another 
lowing  manner.  A A is  a great  wheel  turned  crane. 
by  men  walking  within  it  at  H.  On  the  part  ^ '&•  2‘ 
C,  of  its  axle  BCX  the  great  rope  D is  wound  as 
s the  wheel  turns  : and  this  rope  draws  up  goods 
in  the  fame  way  as  the  rope  HH  does  in  the 
above-mentioned  crane,  the  gib-work  here  be- 
ing fuppoled  to  be  of  the  fame  fort.  But  thefe 
cranes  are  very  dangerous  to  the  men  in  the 
wheel ; for,  if  any  of  the  men  fliould  chance  to 
fall,  the  burthen  will  make  the  wheel  run  back 
and  throw?  them  all  about  within  it  ; which 
often  breaks  their  limbs,  and  fometimes  kiils 
them.  The  late  ingenious  Mr.  Padmore  of  Brif- 
tol  (whofe  contrivance  the  forementioned  crane 
is,  fo  far  as  I can  remember  its  conltru&ion, 
after  feeing  it  once  about  twelve  years  ago  *) 
obferving  this  dangerous  conftrutdioir,  con- 
trived a method  for  remedying  it,  by  putting 
cogs  all  around  the  outfide  of  the  wheel,  and 
applying  a trundle  E to  turn  it ; which  increafes 
■the  power  as  much  as  the  number  of  cogs  in  the 
wheel  is  greater  than  the  number  of  ltaves  in 
the  trundle ; and  by  putting  a ratchet-wheel  F 
on  the  axis  of  the  trundle  (as  in  the  above- 
mentioned  crane)  with  a catch  to  fall  into  it, 
the  great  wheel  is  flopt  from  running  back  by 
the  force  of  the  weight,  even  if  all  the  men  in 

* Since  tbe  firll  edition  of  this  book  was  printed,  I have 
feen  the  fame  crane  again  ; and  do  find,  that  though  the 
working  parts  are  much  the  tame  as  above  defcribed,  yet  the 
method  of  railing  or  lowering  the  trundle  B , and  tb.e  ca^ch 
A,  are  better  contrived  than  I had  defcribed  them. 
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it  fhould  leave  off  walking.  And  by  one  man 
working  at  the  winch  7,  or  two  Men  at  the  op- 
polite  winches  when  needful,  the  men  in  the 
wheel  are  much  affided,  and  much  greater 
weights  are  railed,  than  could  be  by  men  only 
within  the  wheel.  Mr.  Padmore  put  alfo  a 
gripe- wheel  G upon  the  axis  of  the  trundle, 
which  being  pinched  in  the  fame  manner  as  de- 
fcribed  in  the  former  crane,  heavy  burthens 
may  be  let  down  without  the  lead  danger. 
And  before  this  contrivance,  the  lowering  of 
goods  was  always  attended  with  the  utinoffc 
danger  to  the  men  in  the  wheel ; as  every  one 
mud  be  l'enfible  of,  who  has  feen  fuch  engines 
at  work. 

And  it  is  furprifmg  that  the  maders  of  wharfs 
and  cranes  fhould  be  fo  regardlefs  of  the  limbs, 
or  even  lives  of  their  workmen,  that  excepting 
the  late  Sir  James  Creed  of  Greenwich,  and 
forne  gentlemen  at  Bridol,  there  is  fcarce  an  in- 
dance of  any  who  has  ufed  this  fafe  contriv- 
ance. 

Wheel-  The  drucfure  of  wheel-carriages  is  generally  fo 
carriages,  well  known,  that  it  would  be  needlefs  to  defcribe 
them.  And  therefore,  we  lhall  only  point  out 
fome  inconveniencies  attending  the  common 
method  of  placing  the  wheels,  and  loading  the 
waggons. 

In  coaches,  and  all  other  four-wheeled  car- 
riages, the  fore-wheels  are  made  of  a lefs  fize 
than  the  hind  ones,  both  on  account  of  turn- 
ing Ihort,  and  to  avoid  cutting  the  braces; 
otherwife,  the  carriage  would  go  much  eader  if 
the  fore-wheels  were  as  high  as  the  hind-ones, 
and  the  higher  the  better,  becaufe  they  would 
fmk  to  lefs  depths  in  little  hollowings  in  the 
roads,  and  be  the  more  eafily  drawn  out  oi 
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them.  But  carriers  and  coachmen  give  another 
reafon  for  making  the  fore-wheels  much  lower 
than  the  hind-wheels  ; merely,  that  when  they 
are  fo,  the  hind-wheels  help  to  pufh  on  the  fore 
ones : which  is  too  unphilofophical  and  abfurd 
to  deferve  a refutation,  and  yet  for  their  fatisfac- 
tion  we  fhall  Anew  by  experiment  that  it  has  no 
exiftence  but  in  their  own  imaginations. 

It  is  plain  that  the  fmall  wheels  muft  turn  as 
much  oftener  round  than  the  great  ones,  as 
their  circumferences  are  lefs.  And  therefore, 
when  the  carriage  is  loaded  equally  heavy  on 
both  axles,  the  fore-axle  muft  fuftain  as  much 
more  fridlion,  and  confequently  wear  out  as 
much  fooner,  than  the  hind-axle,  as  the  fore- 
wheels are  lefs  than  the  hind-ones.  But  the 
great  misfortune  is,  that  all  the  carriers  to  a 
man  do  obftinately  perfift,  againft  the  cleared: 
reafon  and  demonftration,  in  putting  the  heavier 
part  of  the  load  upon  the  fore-axle  of  the  wag- 
gon ; which  not  only  makes  the  friftion  greateft 
where  it  ought  to  be  leaft,  but  alfo  preffes  the 
fore-wheels  deeper  into  the  ground  than  the 
hind- wheels,  notwithftanding  the  fore-wheels, 
being  lefs  than  the  hind  ones,  are  with  fo  much 
the  greater  difficulty  drawn  out  of  a hole  or  over 
an  obftacle,  even  fuppofmg  the  weights  on 
their  axles  were  equal.  For  the  difficulty,  with 
equal  weights,  will  be  as  the  depth  of  the  hole  Fig.  3 
or  height  of  the  obftacle  is  to  the  femidiameter 
of  the  wheel.  Thus,  if  we  fuppofe  the  fmall 
wheel  D of  the  waggon  AB  to  fall  into  a hole 
of  the  depth  EF,  which  is  equal  to  the  femi- 
diameter of  the  wheel,  and  the  waggon  to  be 
drawn  horizontally  along ; it  is  evident  that 
the  point  E of  the  fmall  wheel  will  be  drawn 
directly  againft  the  top  of  the  hole  ; and  there- 
fore, 
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fore,  all  the  power  of  horfes  and  men  will  not 
be. able. to  draw  it  out,  unlefs  the  ground  gives 
way  before  it.  Whereas,  if  the  hand-wheel  G 
falls  into  fuch  a hole,  it  finks  not  near  fo  deep 
in  proportion  to  its  femidiameter ; and  there- 
fore the  point  G of  the  large  wheel  will  not  be 
drawn  dire&ly,  but  obliquely  againft  the  top 
of  the  hole ; and  fo  will  be  eafily  got  out  of  it. 
Add  to  this,  that  as  a final!  wheel  will  often 
fink  to  the  bottom  of  a hole,  in  which  a great 
wheel  will  go  but  a very  little  way,  the  fmali 
wheels  ought  in  all  reafon  to  be  loaded  with  lefs 
weight  than  the  great  ones ; and  then  the  heavier 
part  of  the  load  would  be  lefs  jolted  up-ward  and 
downward,  and  the  horfes  tired  fo  much  the 
lei’s,  as  their  draught  railed  the  load  to  lefs 
■heights. 

It  is  true,  that  when  the  waggon-road  is 
much  up  hill,  there  may  be  danger  in  loading 
the  hind  part  much  heavier  than  thh  fore-part ; 
for  then  the  weight  would  overhang  the  hind- 
axle,  efpecially  if  the  load  be  high,  and  endan- 
ger tilting  up  the  fore-wheels  from  the  ground. 
In  this  cafe,  the  fafeft  way  would  be  to  load  it 
equally  heavy  on  both  axles  ; and  then,  as  much 
more  of  the  weight  would  be  thrown  upon  the 
hind-axle  than  upon  the  fore  one,  as  the  ground 
■ rifes  from  a level  below  the  carriage.  But  as  this 
feldom  happens,  and  when  it  does,  a fmali  tem- 
porary weight  laid  upon  the  pole  between  the 
horfes  would  overbalance  the  danger ; and  this 
weight  might  be  thrown  into  the  waggon  when 
it  comes  to  level  ground  ; it  is  ftrange  that  an 
advantage  fo  plain  and  obvious  as  would  arife 
from  loading  the  hind-wheels  heavieft,  IhouLd 
jiot  be  laid  hold  of,  by  complying  with  this 
method. 
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To  confirm  thefe  reafonings  by  experiment, 
let  a fmall  model  of  a waggon  be  made,  with 
its  fore-wheels  24  inches  in  diameter,  and  its 
hind-wheels  44 ; the  whole  model  weighing 
about  20  ounces.  Let  this  little  carriage  be 
loaded  any  how  with  weights,  and  have  a fmall 
cord  tied  to  each  of  its  ends,  equally  high  from 
the  ground  it  refts  upon';  and  let  it  be  drawn, 
along  a horizontal  board,  firfl  by  a weight  in  a 
fcale  hung  to  the  cord  at  the  fore-part ; the  cord 
going  over  a pulley  at  the  end  of  the  board 
to  facilitate  the  draught,  and  the  weight  juft 
fufficient  to  draw  it  along.  Then,  turn  the 
carriage,  and  hang  the  fcale  and  weight  to  the 
hind  cord,  and  it  will  be  found  to  move  along 
with  the'  fame  velocity  as  at  firfl : which  fhews, 
that  the  power  required  to  draw  the  carriage  is 
all  the  fame,  whether  the  great  or  fmall  wheels 
are  foremofl ; and  therefore  the  great  wheels  do 
not  help  in  the  leaft  to  pufh  on  the  fmall  wheels 
in  the  road. 

Hang  the  fcale  to  the  fore-cord,  and  place 
the  fore-wheels  (which  are  the  fmall  ones)  in 
two  holes,  cut  three  eight  parts  of  an  inch  deep 
into  the  board ; then  put  a weight  of  32  ounces 
into  the  carriage,  over  the  fore-axle,  and  an 
equal  weight  over  the  hind  one : this  done,  put 
44  ounces  into  the  fcale,  which  will  be  juft  fuf- 
ficient to  draw  out  the  fore-wheels : but  if  this 
weight  be  taken  out  of  the  fcale,  and  one  of  16 
ounces  put  into  its  place,  if  the  hind-wheels  are 
placed  in  the  holes,  the  16  ounce  weight  will 
draw  them  out ; which  is  little  more  than  a third 
part  of  what  was  necelfary  to  draw  out  the  fore- 
wheels. bt  his  fhews,  that  the  larger  the  wheels 
are,  the  lefs  power  will  draw  the  carriage,  efpe- 
cially  on  rough  ground. 
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Put  6 4 ounces  over  the  axle  of  the  hind- 
wheels,  and  32  over  the  axle  of 'the  fore  ones, 
in  the  carriage  ; and  place  the  fore-wheels  in 
the  holes : then,  put  38  ounces  into  the  fcale, 
which  will  juft  draw  out  the  fore- wheels  ; and 
when  the  hind  ones  come  to  the  hole,  they  will 
find  but  very  little  refiftance,  becaufe  ’they  fink 
but  a little  way  into  it. 

But  fhift  the  weights  in  the  carriage,  by  put- 
ting the  32  ounces  upon  the  hind-axle,  and  the 
64  ounces  upon  the  fore  one  ; and  place  the 
fore-wheels  in  the  holes  : then,  if  76  ounces  be 
put  into  the  fcale,  it  will  be  found  no  more  than 
fufficient  to  draw  out  thefe  wheels  \ which  is 
double  the  power  required  to  draw  them  out, 
when  the  lighter  part  of  the  load  was  put  upon 
them  : which  is  a plain  demonftration  of  the  ab- 
furdity  of  putting  the  heavieft  part  of  the  load 
in  the  fore-part  of  the  waggon. 

Every  one  knows  what  an  outcry  was  made 
by  the  generality,  if  not  the  whole  body,  of  the 
carriers,  againft  the  broad  wheel  a£t ; and  how 
hard  it  wras  to  perfuade  them  to  comply  with  it, 
even  though  the  government  allowed  them  to 
draw  with  more  horfes,  and  carry  greater  loads, 
than  ufual.  Their  principal  objection  was,  that 
as  a broad  wheel  mult  touch  the  ground  in  a great 
many  more  points  than  a narrow  wheel,  the  fric- 
tion muft  of  courfe  be  juft  fo  much  the  greater  ; 
and  confequently,  there  muft  be  fo  many  more 
horfes  than  ufual,  to  draw  the  waggon.  I believe 
that  the  majority  of  people  were  of  the  fame 
opinion,  not  conlidering,  that  if  the  whole  weight 
of  the  waggon  and  load  in  it  bears  upon  a 
great  many  points,  each  fuftains  a propor- 
tionably  lefs  degree  of  weight  and  friction,  than 
when  it  bears  only  upon  a few  points ; fo  that 
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what  is  wanting  in  one,  is  made  up  in  the  other  ; 
and  therefore  will  be  juft  equal  under  equal  de- 
grees of  weight,  as  may  be  {hewn  by  the  follow- 
ing plain  and  eafy  experiment. 

Let  one  end  of  a piece  of  packthread  be 
faftened  to  a brick,  and  the  other  end  to  a com- 
mon fcale  for  holding  weights  : then,  having 
laid  the  brick  edgewife  on  a table,'  and  let  the 
fcale  hang  under  the  edge  of  the  table,  put  as 
much  weight  into  the  fcale  as  will  juft  draw  the 
brick  along  the  table.  Then  taking  back  the 
brick  to  its  former  place,  lay  it  flat  on  the  table, 
and  leave  it  to  be  a&ed  upon  by  the  fame  weight 
in  the  fcale  as  before,'  which  will  draw  it  along 
with  the  fame  eafe  as  when  it  lay  upon  its  edge. 
In  the  former  cafe,  the  brick  may  be  confidered 
as  a narrow  wheel  on  the  ground  ; and  in  the 
latter  as  a broad  wheel.  And  fince  the  brick  is 
drawn  along  with  equal  eafe,  whether  its  broad 
fide  or  narrow  edge  touches  the  table,  it  fhews 
that  a broad  wheel  might  be  drawn  along  the 
ground  with  the  fame  eafe  as  a narrow  one  (fup- 
pofing  them  equally  heavy)  even  though  they 
fhould  drag,  and  not  roll,  as  they  go  along. 

As  narrow  wheels  are  always  finking  into  the 
ground,  efpccially  when  the  heavieft  part  of  the 
load  lies  upon  them,  they  muft  be  confidered  as 
going  constantly  up  hill,  even  on  level  ground. 
And  their  fides  muft  fuftain  a great  deal  of  fri&ion 
by  rubbing  againft  the  ruts  made  by  them.  But 
both  thefe  inconveniencies  are  avoided  by  broad 
wheels : which,  inftead  of  cutting  and  plough- 
ing up  the  roads,  roll  them  fmooth,  and  harden 
them  ; as  experience  teftifies  in  places  where 
they  have  been  ufed,  efpecially  either  on  wettifh 
or  fandy  ground  though  after  all  it  muft  be  con- 
fefled  that  they  will  not  do  in  ftiff  clayey  crofs 
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roads ; becaufe  they  would  foon  gather  up  as 
much  clay  as  would  be  almoft  equal  to  the  weight 
of  an  ordinary  load. 

If  the  wheels  were  always  to  go  upon  fmooth 
and  level  ground,  the  belt  way  would  be  to  make 
the  fpokes  perpendicular  to  the  naves ; that  is, 
to  (land  at  right  angles  to  the  axles  ; becaufe 
they  would  then  bear  the  weight  of  the  load 
perpendicularly,  which  is  the  ftrongeft  way  for 
v/ood.  But  becaufe  the  ground  is  generally  un- 
even, one  wheel  often  falls  into  a cavity  or  ruf 
when  the  other  does  not ; and  then  it  bears  much 
more  of  the  weight  than  the  other  does  : in 
which  cafe,  concave  or  difhing  wheels  are  beft, 
becaufe  when  one  falls  into  a rut,  and  the  other 
keeps  upon  high  ground,  the  fpokes  become  per- 
pendicular in  the  rut,  and  therefore  have  the 
greateft  ftrength  when  the  obliquity  of  the  load 
throws  molt  of  its  weight  upon  them  ; while 
thofe  on  the  high  ground  have  lefs  weight  to  bear, 
and  therefore  need  not  be  at  their  full  ftrength. 
So  that  the  ufual  way  of  making  the  wheels  con- 
cave is  by  much  the  beft. 

The  axles  of  the  wheels  ought  to  be  perfectly 
ftraight,  that  the  rim  of  the  wheels  may  be 
parallel  to  each  other  ; for  then  they  will  move 
eafieft,  becaufe  they  will  be  at  liberty  to  go  on 
ftraight  forward.  But  in  the  ufual  way  of  prac- 
tice, the  axles  are  bent  downward  at  their  ends ; 
which  brings  the  fides  of  the  wheels  next  the 
ground  nearer  to  one  another  than  their  oppofite 
or  higher  fides  are  : and  this  not  only  makes  the 
wheels  to  drag  Tideways  as  they  go  along,  and 
gives  the  load  as  much  greater  power  of  crufhing 
them  than  when  they  are  parallel  to  each  other ; 
but  alfo  endangers  the  over-turning  of  the  car- 
riage when  anv  wheel  falls  into  a hole  or  rut ; or 
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when  the  carriage  goes  in  a road  which  has  one 
fide  lower  than  the  other,  as  along  the  ikle  of  a 
hill.  Thus  (in  the  hind  view  of  a waggon  or 
cart)  let  AE  and  BF  be  the  great  wheels  paral- 
lel to  each  other,  on  their  ftraight  axle  K,  and  Fig.  4. 
HC I the  carriage  loaded  with  heavy  goods- from 
C to  G.  Then,  as  the  carriage  goes  on  in  the 
oblique  road  A a B,  the  center  of  gravity  of  the 
whole  machine  and  load,  will  be  at  C*  ; and  the  * Sec 
line  of  dire&ion  C d D falling  within  the  wheel  PaSe 
BF , the  carriage  will  not  overfet.  But  if  the 
wheels  be  inclined  to  each  other  on  the  ground.  Fig-  5- 
as  AE  and  BF  are,  and  the  machine  be  loaded 
as  before,  from  C to  G,  the  line  of  direction 
C d D falls  without  the  wheel  BF , and  the  whole 
machine  tumbles  over.  When  it  is  loaded  with 


heavy  goods  (fuch  as  lead  or  iron)  which  lie  low,  Fig.  4. 
it  may  travel  fafely  upon  an  oblique  road  fo  long 
as  the  center  of  gravity  is  at  G,  and  the  line  of  di- 
rection C d falls  within  the  wheels ; but  if.  it  be 
loaded  high  with  lighter  goods  (fuch  as  wool- 
packs)  from  C to  L , the  center  of  gravity  is  raifed  Fig.  6. 
from  C to  K , which  throws  the  line  of  direction 
K k without  the  lowed  edge  of  the  wheel  BF, 
and  then  the  load  overfets  the  waggon.  - 

If  there  be  forae  advantage  from  f.nall  fore- 
wheels,  on  account  of  the  carriage  turning  more 
eafdy  and  fhort  than  it  can  be  made  to  do  when, 
tiiey  are  large  ; there  is  at  lead  as  great  a difad- 
vantage  attending  them,  which  is,  that  as  their 
axle  is  below  the  level  of  the  horfes  bread,  the 
horfes  not  only  have  the  loaded  carriage  to 
draw  along,  but  alfo  part  of  its  weight  to  bear ; 
which  tires  them  fooner,  and  makes  them 
grow  much  differ  in  their  hams,  than  they 
would  be  if  they  drew  on  a level  with  the  fore- 
axle. And  for  this  reafon,  we  find  coach  horfes 
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foon  become  unfit  for  riding.  So  that  on  all  ac- 
counts it  is  plain,  that  the  fore-wheels  of  all  car- 
riages ought  to  be  fo  high,  as  to  have  their  axles 
even  with  the  bread  of  the  horfes  ; which  would 
not  only  give  the  horfes  a fair  draught,  but  like- 
wife  keep  them  longer  fit  for  drawing  the  car- 
riage. 

Plate  IX.  We  {hall  conclude  this  lecture  with  a defcrip- 
i ig.  i.  2.  tjon  0f  Mr.  Vauloue* s curious  engine,  which  was 
made  ufe  of  for  driving  the  piles  of  Weftminfter- 
bridge  : and  the  reader  may  caft  his  eyes  upon 
the  firfl:  and  fecond  figures  of  the  plate,  in  which 
the  fame  letters  of  reference  are  annexed  to  the 
fame  parts,  in  order  to  explain  thofe  in  the  fe- 
cond, which  are  either  partly  or  wholly  hid  in  the 
firfl. 

The  pik-  A is  the  great  upright  {haft  or  axle,  on  which 
engine . are  the  great  wheel  B and  drum  C,  turned  by 

horfes  joined  to  the  bars  5,  S.  The  wheel  B turns 
the  trundle  X,  on  the  top  of  whofe  axis  is  the 
fly  O,  which  ferves  to  regulate  the  motion,  and 
alfo  to  act  again!!  the  horfes,  and  keep  them 
from  falling  when  the  heavy  ram  J^jis  difeharged 
to  drive  the  pile  P down  into  the  mud  in  the 
bottom  of  the  river.  The  drum  C is  loofe  upon 
the  fhaft  A , but  is  locked  to  the  wheel  B by  the 
bolt  T.  On  this  drum  the  great  rope  HH  is 
wound  ; one  end  of  the  rope  being  fixed  to  the 
drum,  and  the  other  to  the  follower  G,  to  which 
it  is  conveyed  over  the  pulleys  / and  K.  In  the 
follower  G is  contained  the  tongs  F (fee  Fig. 
3.)  that  takes  hold  of  the  ram  J^by  the  flaple  R 
for  drawing  it  up.  D is  a fpiral  or  fufy  fixt  to 
the  drum,  on  which  is  wound  the  fmall  rope  T 
that  goes  over  the  pulley  U under  the  pulley  V, 
and  is  faflened  to  the  top  of  the  frame  at  7.  To 
the  pulley  block  V is  hung  the  counterpoife  W, 
' which 
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which  hinders  the  follower  from  accelerating  as 
it  goes  down  to  take  hold  of  the  ram : for,  as 
the  follower  tends  to  acquire  velocity  in  its  de- 
fcent,  the  line  T winds  downward  upon  the 
fufv,  on  a larger  and  larger  radius,  by  which 
means  the  counterpoife  W ads  ftronger  and 
ftronger  againft  it ; and  fo  allows  it  to  come 
down  with  only  a moderate  and  uniform  velo» 
city.  The  bolt  T locks  the  drum  to  the  great 
wheel,  being  pufhed  upward  by  the  fmall  lever 
2,  which  goes  through  a mortife  in  the  ihaft 
turns  upon  a pin  in  the  bar  3 fixt  to  the  great 
wheel  B,  and  has  a weight  4,  which  always  tends 
to  pulh  up  the  bolt  T through  the  wheel  into  the 
drum.  L is  the  great  lever  turning  on  the  axis 
m,  and  refting  upon  the  forcing  bar  5,  5,  which 
goes  down  through  a hollow  in  the  ftiaft  A,  and 
bears  up  the  little  lever  1 . 

By  the  horfes  going  round,  the  great  rope  H 
is  wound  about  the  drum  C,  and  the  ram  O is 
drawn  up  by  the  tongs  F in  the  follower  G,  until 
the  tongs  comes  between  the  inclined  planes  E ; 
which,  by  Ihutting  the  tongs  at  the  top,  opens  it 
,at  the  foot,  and  difcharges  the  ram,  which  falls 
down  between  the  guides  b b upon  the  pile  P, 
and  drives  it  by  a few  ftrokes  as  far  into  the  mud’ 
as  it  can  go  ; after  which  the  top  part  is  fawed 
off  dole  to  the  mud,  by  an  engine  for  that  pur- 
pofe._  Immediately  after  the  ram  is  difcharged 
the  piece  6 upon  the  follower  G takes  hold  of  the 
1 roPf  f which  raife  the  end  of  the  lever  L,  and 
caufe  its  end  N to  defcend  and  prefs  down  the 
forcing  bar  5 upon  the  little  lever  2,  which  by 
pulling  down  the  bolt  T,  unlocks  the  drum  C 
from  the  great  wheel  5;  and  then,  the  follower, 
being  at  liberty,  comes  down  by  its  own  weight 
to  the  ram  ; and  the  lower  ends  of  the  tongs  flip 

' over 


1 Cs'o 


Of  the  Pile-Engine. 

over  the  flaple  R , and  the  weight  of  their  heads 
caufes  them  to  fall  outward,  and  fhuts  upon  it. 
Then  the  weight  4 pufhes  up  the  bolt  T into  the 
drum,  which  locks  it  to  the  great  wheel,  and  fo 
the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  it  caufes  the 
drum  to  turn  backward,  and  unwinds  the  rope 
from  it,  while  the  horfes,  great  wheel,  trundle, , 
and  fly,  go  on  with  an  uninterrupted  motion  : 
and  as  the  drum  is  turning  backward,  the  coun- 
terpoife  W is  drawn  up,  and  its  rope  T wound 
upon  the  fpiral  fufy  D. 

There  are  feveral  holes  in  the  under  fide  of  the 
drum,  and  the  bolt  T always  takes  the  firft  one 
that  it  finds  when  the  drum  flops  by  the  falling 
of  the  follower  upon  the  ram  ; until  which  flop- 
page,  the  bolt  has  not  time  to  flip  into  any  of  the  t 
holes. 

This  engine  was  placed  upon  a barge  on  the : 
water,  and  fo  was  eafily  conveyed  to  any  place: 
defired. — I never  had  the  good  fortune  to  fee  it, , 
but  drew  this  figure  from  a model  which  I made: 
from  a print  of  it ; being  not  quite  fatisfied  with  1 
the  view  which  the  print  gives.  I have  beeni 
told  that  the  ram  was  a ton  weight,  and  that  the: 
guides  b b,  between  which  it  was  drawn  up  and. 
let  fall  down,  were  30  feet  high.  I fuppofe  the: 
great  wheel  may  have  had  100  cogs,  and  the 
trundle  1 o flaves  or  rounds ; fo  that  the  fly 
would  make  10  revolutions  for  one  of  the  great: 
wheel. 

cl  t:  u.  • .M . r h j 
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LECT.  V. 

Of  hydrojiatics , and  hydraulic  machines. 

THE  fcience  of  hydrojiatics  treats  of  the 
nature,  gravity,  preffure,  and  motion  of 
fluids  in  general  5 and  of  weighing  folids  in 
them. 

A fluid  is  a body  that  yields  to  the  Ieafl:  pref-  Defim- 
fure  or  difference  of  preflures.  Its  particles  are  don  of  a 
l'o  fmall,  that  they  cannot  be  difcerned  by  the  flllid> 
bell  microfcopes  ; they  are  hard,  fince  no  fluid, 
except  air  or  fleam,  can  be  (preffed  into  a lefs 
fpace  tnan  it  naturally  poffefles  ; and  they  muff 
be  round  and  fmooth,  feeing  they  are  fo  eafily 
moved  among  one  another. 

All  bodies,  both  fluid  and  folid,  prefs  down- 
ward by  the  force  of  gravity:  but  fluids  have 
this  wonderful  property,  that  their  preffure  up- 
ward and  fide  wile  is  equal  to  their  preffure  down- 
ward ; and  this  is  always  in  proportion  to  their 
perpendicular  height,  without  any  regard  to  their 
quantity  j for,  as  each  particle  is  quite  free  to 
move,  it  will  move  toward  that  part  or  fide  on 
which  the  preffure  is  le aft.  And  hence,  no  par- 
ticle or  quantity  of  a fluid  can  be  at  reff,  till  it 

is  every  way  equally  preffed.  ' 

ny  eTriment  'hat  fluids  prefs  up- Hate  X 

S tl11  JS  let  A B 1*  " lone  Fig. 

andC  fl  , f t ,W"h  Water  near  t0  its  lop';  Flll;d" 
and  c D a fmall  tube  open  at  both  ends  and  prcft as 

immerfed  into  the  wntpr  irr  n 1 as?  an<d  much  up- 

immerfion  Z ‘ / Z ' ‘l16  larSe  one  J if  'he  ward  J 

in  rh p f n ,1  l(  h>  you  will  fee  the  water  rife  down- 

in  t ™ ‘°  ,he  &T  heiSht  'hat  it  fiand -1' 

' great  one’  until  the  furfaces  of  the 
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water  in  both  are  on  the  fame  level : which  fhews 
that  the  water  is  prefTed  upward  into  the  fmall 
tube  by  the  weight  of  what  is  in  the  great 
one ; otherwife  it  could  never  rife  therein,  con- 
trary to  its  natural  gravity ; unlefs  the  diameter 
of  the  bore  were  fo  fmall,  that  the  attraction  of 
the  tube  would  raife  the  water  ; which  will  ne- 
ver happen,  if  the  tube  be  as  wide  as  that  in  a 
common  barometer.  And,  as  the  water  rifes  no 
higher  in  the  fmall  tube  than  till  its  furface  be 
on  a level  with  the  furface  of  the  water  in  the 
great  one,  this  fhews  that  the  preffure  is  not  in 
proportion  to  the  quantity  of  water  in  the  great  , 
tube,  but  in  proportion  to  its7  perpendicular 
height  therein  : for  there  is  much  more  water  in 
the  great  tube  all  around  the  fmall  one,  than  what 
is  raifed  to  the  fame  height  in  the  fmall  one,  as 
it  hands  within  the  great. 

Take  out  the  fmall  tube,  and  let  the  water 
run  out  of  it ; then  it  will  be  filled  with  air. 
Stop  its  upper  end  with  the  cork  C , and  it  will 
be  full  of  air  all  below  the  cork  : this  done, 
plunge  it  again  to  the  bottom  of  the  water  in  the 
great  tube,  and  you  will  fee  the  water  rife  up  in  i 
it  only  to  the  height  E ; which  fhews  that  the  air 
is  a body,  otherwife  it  could  not  hinder  the  water 
from  rifing  up  to  the  fame  height  as  it  did  be- 
fore, namely,  to  A ; and  in  fo  doing  it  drove  the: 
air  out  at  the  top  ; but  now  the  air  is  confined 
by  the  cork  C : and  it  alfo  fhews  that  the  air  is> 
a comprefiible  body,  for  if  it  were  not  fo,  a drop 
of  water  could  not  enter  into  the  tube. 

The  preffure  of  fluids  being  equal  in  all  di- 
rections, it  follows  that  the  fides  of  a Yeffel  are  as. 
much  prelfed  by  a fluid  in  it,  all  around  in  any.’ 
given  ring  of  points,  as  the  fluid  below  that  ringi! 
is  prciTed  by  the  weight  of  all  that  hands  above? 
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it.  Hence  the  preffure  upon  every  point  in  the 
fides,  immediately  above  the  bottom,  is  equal  to 
the  preffure  upon  every  point  of  the  bottom.  To 
Ihew  this  by  experiment,  let  a hole  be  made  at  Fig.  2. 
e in  the  fide  of  the  tube  A B clofe  by  the  bot- 
tom ; ' and  another  hole  of  the  fame  fize  in  the 
bottom  at  C ; then  pour  water  into  the  tube, 
keeping  it  full  as  long  as  you  choofe  the  holes 
fhould  run,  and  have  two  bafons  ready  to  receive 
the  water  that  runs  through  the  two  holes,  until 
you  think  there  is  enough  in  each  bafon ; and 
you  will  find  by  meafuring  the  quantities,  that 
they  are  equal ; which  (hews  that  the  water  run 
with  equal  fpeed  through  both  holes : which  it 
could  not  have  done,  if  it  had  not  been  equally 
preffed  through  them  both.  For,  if  a hole  of 
the  fame  fize  be  made  in  the  fide  of  the  tube,  as 
about  f and  if  all  three  are  permitted  to  run 
together,  you  will  find  that  the  quantity  run 
through  the  hole  at  /is  much  lefs  than  what  has 
run  in  the  fame  time  through  either  of  the  holes 
C or  <?. 


In  the  fame  figure,  let  a tube  be  turned  up 
from  the  bottom  at  ? into  the  lhape  D E,  and 
the  hole  at  C be  ftopt  with  a cork.  Then,  pour 
water  mto  the  tube  to  any  height,  as  A g,  and  it 
will  fpout  up  in  a jet  E FG,  nearly  as  high  as  it 
zs  kept  m the  tube  A B,  by  continuing  to  pour 
m as  much  there  as  runs  through  the  hole  Ei 
which  will  be  the  cafe  while  the  furface  A g keeps 
at  the  fame  height.  And  if  a little  ball  of  cork 
G be  aid  upon  the  top  of  the  jet,  it  will  be  fup- 
ported  thereby,  and  dance  upon  it.  Thereafon 
why  the  jet  riles  not  quite  fo  high  as  the  furface- 
of  the  water  A g,  is  owing  to  the  refiftance  it  meets 
with  in  the  open  air  : for,  if  a tube,  either  great 
or  fmall,  was  ferewed  upon  the  pipe  at  E,  the 

^ 3 water 
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water  would  rife  in  it  until  the  furface  of  the 
water  in  both  tubes  were  on  the  fame  level ; as 
will  be  fhcwn  by  the  next  experiment. 

Any  quantity  of  a fluid,  how  fmall  foever,  may- 
be made  to  balance  and  fupport  ahy  quantity, 
how  great  foever.  This  is  defervedly  termed  ; 
the  hydrojlatical  paradox , which  we  {hall  firft  (hew 
by  an  experiment,  and  then  account  for  it  upon  j 
the  principle  above-mentioned  ; namely,  that  the 
prcjfure  of  fluids' is  directly  as  their  perpendicular 
height , 'without,  any  regard  to  their  quantity. 

Let  a fmall  glafs  tube  D C G,  open  throughout,  { 
and  bended  at  B , be  joined  to  . the  end  of  a great 
one  A I at  c d , where  the  great  one  is  alfo  open  ; 
fo  that  thefe  tubes  in  their  openings  may  freely 
communicate  with  each  other.  Then  pour  wa- 
ter  through  a fmall  necked  funnel  into  the  fmall 
tube  at  H ; this  water  will  run  through  the  join- 
ing of  the  cubes  at  c d , and  rife  up  into  the  great 
tube;  and  if  you  continue  pouring  until  the  fur- 
face  of  the  water  comes  to  any  part,  as  A , in  the  i 
great  tube,  and  then  leave  off,  you  will  fee  that 
the  furface  of  the  water  in  the  fmall  tube  will  be 
juft  as  high,  at  D ; fo  that  the  perpendicular 
height  of  the  water  will  be  the  fame  in  both 
tubes,  however  fmall  the  one  be  in  proportion  to 
the  other.  This  {hews,  that  the  fmall  column  | 
DCG  balances  and  fupports  the  great  column 
A c d : which  it  could  not  do  if  their  preffures 
were  not  equal  againft  one  another  in  the  re- 
curved bottom  at  B. — If  the  fmall  tube  be  made  I 
longer,  and  inclined  in  the  fituation  G E F,  the: 
furface  of  the  water  in  it  will  {land  at  F,  on  the  I 
fame  level  with  the  furface  A in  the  great  tube ; 
that  is,  the  water  will  have  the  fame  perpendicular  • 
height  in  both  tubes,  although  the  column  in  the 
fmall  tube  is  longer  than  that  in  the  great  one ; 
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the  former  being  oblique,  and  the  latter  perpen- 
dicular. 

Since  then  the  preflfure  of  fluids  is  directly  as 
their  perpendicular  heights,  without  any  regard 
to  their  quantities,  it  appears  that  whatever  the 
figure  or  fize  of  veflels  be,  if  they  are  of  equal 
heights,  and  if  the  areas  of  their  bottoms  are 
equal,  the  prefiures  of  equal  heights  of  water  are 
equal  upon  the  bottoms  of  thefe  veflels  ; even 
though  the  one  fhould  hold  a thoufand  or  ten 
thoufand  times  as  much  water  as  would  fill  the 
other.  To  confirm  this  part  of  the  hydrofiatical  Fi 
paradox  by  an  experiment,  let  two  veflels  be 
prepared  of  equal  heights  but  very  unequal  con- 
tents, fuch  as  A B in  Fig.  4.  and  A B in  Fig. 

5.  Let  each  veflel  be  open  at  both  ends,  aad 
their  bottoms  Dr/,  D d be  of  equal  widths.  Let 
a brafs  bottom  C C be  exaftly  fitted  to  each  vef- 
fel,  not  to  go  into  it,  but  for  it  to  (land  upon ; 
and  let  a piece  of  wet  leather  be  put  between 
each  veflel  and  its  brafs  bottom,  for  the  fake  of 
clofenefs.  Join  each  bottom  to  its  veflel  by  a 
hinge  D,  fo'  that  it  may  open  like  the  lid  of  a 
box;  and  let  each  bottom  be  kept  up  to  its 
veflel  by  equal  weights  E and  E hung  to  lines 
which  go  over  the  pulleys  Fand  F (whofe  blocks 
are  fixed  to  the  fides  of  the  veflels  at  f)  and  the 
lines  tied  to  hooks  at  d and  d,  fixed  in  the  brafs 
bottoms  oppofite  to  the  hinges  D and  Q.  Things 
being  thus  prepared  and  fitted,  hold  the  veflel 
AB  (Fig.  5.)  upright  in  your  hands  over  a bafon 
on  a table,  and  caufe  water  to  be  poured  into  the 
veflel  flowly,  till  the  preflure  of  the  water  bears 
down  its  bottom  at  the,  fide  r/,  and  raifes  the 
weight  E ; and  then  part  of  the  water  will  run 
out  at  d.  Mark  the  height  at  which  the  furface 
Hoi  the  water  flood  in  the  veflel,  when  the  bon- 
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tom  began  to  give  way  at  d ; and  then,  holding 
up  the  other  veffel  A B (Fig.  4.)  in  the  fame 
manner,  eaufe  water  to  be  poured  into  it  at  H; 
and  you  will  fee  that  when  the  water  rifes  to  A 
1 in  this  veffel,  juft  as  high  as  it  did  in  the  former, 
its  bottom  will  alfo  give  way  at  d , and  it  will  lofe 
part  of  the  water. 

The  natural  reafon  of  this  furprifing  pheno- 
menon is,  that  fmce  all  parts  of  a fluid  at  equal 
depths  below  the  furface  are  equally  preffed  in 
all  manner  of  directions,  the  water  immediately 
below  the  fixed  part  Bf  (Fig.  4.)  will  be  preffed 
as  much  upward  againft  its  lower  furface  within  j 
the  veffel,  by  the  aCtion  of  the  column  A g,  as  i 
it  would  be  by  a column  of  the  fame  height,  and 
of  any  diameter  whatever  ; (as  was  evident,  by 
the  experiment  with  the  tube.  Fig.  3.)  and  therer 
fore,  fince  aCtion  and  reaction  are  equal  and 
contrary  to  each  other,  the  water  immediately 
below  the  furface  B f will  be  prefled  as  much 
downward  by  it,  as  if  it  was  immediately  touched 
and  preffed  by  a column  of  the  height  g A , and 
of  the  diameter  B f:  and  therefore,  the  water 
in  the  cavity  B D df  will  be  preffed  as  much 
downward  upon  its  bottom  C C,  as  the  bottom 
of  the  other  veil'd  (Fig.  5.)  is  preffed  by  all  the 
water  above  it. 

Fig.  4.  To  illuftrate  this  a little  farther,  let  a hole  be 
made  at  f in  the  fixed  top  B f and  let  a tube  G 
be  put  into  it ; then,  if  water  be  poured  into  the 
tube  A , it  will  (after  filling  the  cavity  B d)  rife 
up  into  the  tube  G,  until  it  comes  to  a level  with 
that  in  the  tube  //,  which  is  rnanifeftly  owing  to 
the  preffure  of  the  water  in  the  tube  A , upon 
that  in  the  cavity  of  the  veflel  below  it.  Con- 
fequently,  that  part  of  the  top  B f in  which  the 
hole  is  nqw  made,  would,  if  corked  up,  be 

7 preffed 


, Of  Hydrojlatics.  107 

prefled  upward  with  a force  equal  to  the  weight 
of  all  the  water  which  is  fupported  in  the  tube  G : 
and  the  fame  thing  would  hold  at  g , if  a hole. 

^ere  made  there.  And  fo  if  the  whole  cover  or 
top  B f were  full  of  holes,  and  had  tubes  as  high 
as  the  middle  one  A g put  into  them,  the  water 
, in  each  tube  would  rife  to  the  fame  height  as  it  is 
kept  into  the  tube  A,  by  pouring  more  into  it, 
to  make  up  the  deficiency  that  it  fuflains  by  fup- 
plying  the  others,  until  they  are  all  full : and 
then  the  water  in  the  tube  A would  fupport 
equal  heights  of  water  in  all  the  reft  of  the  tubes. 

Or,  if  all  the  tubes  except  A , or  any  other  one, 
were  taken  away,  and  a large  tube  equal  in  dia- 
meter to  the  whole  top  B f were  placed  upon  it, 
and  cemented  to  it,  and  then  if  water'  were 
poured  into  the  tube  that  was  left  in  either  of 
the  holes,  it  would  afcend  through  all  the  reft  of 
the  holes,  until  it  filled  the  large  tube  to  the 
fame  height  that  it  Hands'  in  the  fmall  one,  after 
a fufficient  quantity  had  been  poured  into  it: 
which  thews,  that  the  top  B f was  prefled  up- 
ward by  the  water  under  it,  and  before  any 
hole  was  made  in  it,  with  a force  equal  to  that 
wherewith  it  is  now  prefled  downward  by  the 
weight  of  all  the  water  above  it  in  the  great 
tube.  And  therefore,  the  re-a£tion  of  the  fixed 
top  B f muft  be  as  great,  in  prefling  the  water 
downward  upon  the  bottom  C C,  as  the  whole 
preflure  of  the  water  in  the  great  tube  would 
have  been,  if  the  top  had  been  taken  away,  and 
the  water  in  that  tube  left  to  prefs  diredtly  upon 
the  water  in  the  cavity  B D df 

Perhaps  the  beft  machine  in  the  world  forFiV  6. 
demonftrating  the  upward  preflure  of  fluids,  is  The  by- 
the  hydroftatic  bellows  A ; which  confifts  of  two  droM* 
thick  oval  boards,  each  about  16  inches  broad,  6eUow‘ 
and  18  inches  long,  covered  with  leather,  to 

open 
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open  and- Unit  like  a common  bellows,  but  with- 
out valves  ; only  a pipe  i>,  about  three  feet 
High,  is  fixed  into  the  bellows  at  e-.  Let  fome 
water  be  poured  into  the  pipe  at  c , which  will 
run  into  the  bellows,  and  leparate  the  boards  a 
little.  Then  lay  three  weights  b , r,  d,  each 
wdghing  ioo  pounds,  upon  the  upper  board, 
and  pour  more  water  into  the  pipe  B,  which  will 
run  into  the  bellows,  and  raife  up  the  board  with 
all  the  weights  upon  it ; and  if  the  pipe  be  kept 
full,  until  the  weights  are  raifed  as  high  as  the 
leather  which  covers  the  bellows  will  allow  them, 
the  water  will  remain  in  the  pipe,  and  fupport 
all  the  weights,  even  though  it  fliould  weigh  no 
more  th?.n  a quarter  of  a pound,  and  they  300 
pounds  : nor  will  all  their  force  be  able  to  caufe 
them  to  defcend  and  force  the  water  out  at  the 
top  of  the  pipe. 

The  reafon  of  this  will  be  made  evident,  by 
confidering  what  has  been  already  faid  of  the 
refult  of  the  preffure  of  fluids  of  equal  heights 
without  any  regard  to  the  quantities.  For,  if  a 
hole  be  made  in  the  upper  board,  and  a tube  be 
put  into  it,  the  water  will  rife  in  the  tube  to  the 
fame  height  that  it  does  in  the  pipe  : and  would 
rife  as  high  (by  fupplying  the  pipe)  in  as  many 
tubes  as  the  board  could  contain  holes.  Now, 
fuppofe  only  one  hole  to  be  made  in  any  part  of 
the  board,  of  an  equal  diameter  with  the  bore  of 
the  pipe  B ; and  that  the  pipe  holds  juft  a quar- 
ter of  a pound  of  water  ; if  a perfon  claps  his 
finger  upon  the  hole,  and  the  pipe  be  filled  with 
water,  he  will  find  his  finger  to  be  prefled  up- 
ward with  a force  equal  to  a quarter  of  a pound. 
And  as  the  fame  preffure  is  equal  upon  all  equal 
parts  of  the  board,  each  part  whofe  area  is  equal 
to  the  area  of  the  hole,  will  be  preffed  upward  with 
p,  force  equal  to  that  of  a quarter  of  a pound  : the 
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fum  of  all  which  preflures  againft  the  under  fide 
of  an  oval  board  i 6 inches  broad,  and  1 8 inches 
long,  will  amount  to  300  pounds ; and  therefore 
- fo  much  weight  will  be  railed  up  and  fupported 
by  a quarter  of  a pound  of  water  in  the  pipe. 

Hence,  if  a man  (lands  upon  the  upper  board,  How  a 
and  blows  into  the  bellows  through  the  pipe  B,  ma7 
he  will  raife  himfelf  upward  upon  the  board  : 
and  the  fmaller  the  bore  of  the  pipe  is,  the  eafier  ward  by 
he  will  be  able  to  raife  himfelf.  And  then,  by  hi# 
clapping  his  finger  upon  the.  top  of  the  pine,  hebreaLl1' 
can  fupport  himfelf  as  long  as  he  pleafes  ; pro- 
vided the  bellows  be  air-tight  fo  as  not  to  lofe 
what  is  blown  into  it. 

This  figure,  1 confefs,  ought  to  have  been 
much  larger  than  any  other  upon  the  plate;  but 
it  was  not  thought  of,  until  all  the  reft  were 
drawn  ; and  it  could  not  fo  properly  come  into  any 
other  plate. 

Upon  this  principle  of  the  upward  preflure  of  How  folid 
fluids,  a piece  of  lead  may  be  made  to  fwim  in  h‘ad  m*Y 
water,  by  immerfing  it  to  a proper  depth,  and 
keeping  the  water  from  getting  above  it.  Let  ;n  > 
CD  be  a glafs  tube',  open  throughout,  and 
EFG  a flat  piece  of  lead,  exactly  fitted  to  the  big.  7. 
lower  end  of  the  tube,  not  to  go  within  it,  but 
for  it  to  (land  upon ; with  a wet  leather  between 
the  lead,  and  the  tube  to  make  clofe  work.  Let 
this  leaden  bottom  be  half  an  inch  thick,  and 
held  clofe  to  the  tube  by  pulling  the  packthread 
1J-IL  upward  at  L with  one  hand,  while  the 
tube  is  held  in  the  other  by  the  upper  end  C. 

In  this  fituation,  let  the  ‘tube  be  immerfed  in 
water  in  the  glafs  veffel  A B,  to  the  depth  of  fix 
inches  below  the  furface  of  the  water  at  K : and 
then,  the  leaden  bottom  E FG  will  be  plunged 
to  the  depth  of  fomewdiat  more  than  eleven  times 

its 
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its  own  thicknefs : holding  the  tube  at  that 
depth,  you  may  let  go  the  thread  at  L ; and 
the  lead  will  not  fall  from  the  tube,  but  will  be 
kept  to  it  by  the  upward  preffure  of  the  water 
below  it,  occafioned  by  the  height  of  the  water 
at  K above  the  level  of  the  lead.  For  as  lead  is 
1 1.33  times  as  heavy  as  its  bulk  of  water,  and  is 
in  this  experiment  immcrfed  to  a depth  fome- 
what  more  than  11.33  times  its  thicknefs,  and 
no  water  getting  into  the  tube  between  it  and 
the  lead,  the  column  of  water  E abcG  below  the 
lead  is  preffed  upward  againft  it  by  the  water 
K D EG  L all  around  the  tube ; which  water 
being  a little  more  than  11.3  3 times  as  high  as 
the  lead  is  thick,  is  fufficient  to  balance  and  fup- 
port  the  lead  at  the  depth  K E.  If  a little  water 
be  poured  into  the  tube  upon  the  lead,  it  will 
increafe  the  weight  upon  the  column  of  water 
under  the  lead,  and  caufe  ’ the  lead  to  fall  from 
the  tube  to  the  bottom  of  the  glafs  veffel,  where 
it  will  lie  in  the  fituation  b d.  Or,  if  the  tube  be 
raffed  a little  in  the  water,  the  lead  will  fall  by  its 
own  weight,  which  will  then  be  too  great  for  the 
preffure  of  the  water  around  the  tube  upon  the 
column  of  water  below  it. 

How  light  Let  two  pieces  of  wood  be  planed  quite  flat,  fo 
wood  niay  as  no  water  may  get  in  between  them  when  they 

to  lie2 at  are  Pat  together  : let  one  of  the  pieces,  as  b d> 
the  bot-  be  cemented  to  the  bottom  of  the  veffel  A B 
tom  of  (Fig.  7.)  and  the  other  piece  be  laid  flat  and  clofe 

water.  Up0n  it,  and  held  down  to  it  by  a ffick,  while 

water  is  poured  into  the  veffel ; then  remove 
the  flick,  and  the  upper  piece  of  wood  will  not 
rife  from  the  lower  one  : for,  as  the  upper  one  is 
preffed  down  both  by  its  own  weight  and  the 
weight  of  all  the  water  over  it,  while  the  con- 
trary preffure  of  the  water  is  kept  off  by  the 

wood 
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vood  under  it,  it  will  lie  as  ftill  as  a ftone  would 
do  in  its  place.  But  if  it  be  raifed  ever  fo  little 
at  any  edge,  fome  water  will  then  get  under  it ; 
which  being  adted  upon  by  the  water  above,  will 
immediately  prefs  it  upward  ; and  as  it  is  lighter 
than  its  bulk  of  water,  it  will  rife,  and  float  upon 
the  furface  of  the  water. 

All  fluids  weigh  juft  as  much  in  their  own 
elements  as  they  do  in  open  air.  To  prove 
this  by  experiment,  let  as  much  fhot  be  put  into 
a phial,  as,  when  corked,  will  make  it  fink  in 
water  : and,  being  thus  charged,  let  it  be 
weighed,  firft  in  air,  and  then  in  water,  and 
the  weights  in  both  cafes  wrote  down.  Then, 
as  the  phial  hangs  fufpended  in  water,  and 
counterpoifed,  pull  out  the  cork,  that  water  may 
run  into  it,  and  it  will  defcend,  and  pull  down 
that  end  of  the  beam.  This  done,  put  as  much 
weight  into  the  oppofite  fcale  as  will  reflore  the 
equipoife  ; which  weight  will  be  found  to  anfwer 
exaftly  to  the  additional  weight  of  the  phial  when 
it  is  again  weighed  in  air,  with  the  water  in  it. 

The  velocity  with  which  water  fpouts  out  at  a The  Ve!o. 
hole  in  the  fide  or  bottom  of  a veffel,  is  as  the  city  of 
fquare  root  * of  the  depth  or  diftance  of  the  fpoiitI'nS 
hole  below  the  furface  of  the  water.  For,  in  water* 
order  to  make  double  the  quantity  of  a fluid 
run  through^ one  hole  as  through  another  of  the 
fame  fize,  it 'will  require  four  times  the  preffure 
of  the  other,  and  therefore  muft  be  four  times 
the  depth  of  the  other  below  the  furface  of  the 
water  i and  for  the  fame  reafon,  three  times  the 
quantity  running  in  an  equal  time  through  the 


i^'u'^r.r001  of  any  number  is  that  which  being 
multiplied  by  itfelf  produces  the  faid  number.  Thus,  2 fs 
the  fquare  root  of  4,  and  3 is  the  fquare  root  of  9 : for  2 
multiplied  by  2 produce#  4,  and  3 multiplied  by  3 produces 
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fame  fort  of  hole  mull  run  with  three  times 
the  velocity,  which  will  require  nine  times  the 
preffure  ; and  confequcntly  muft  be  nine  times 
as  deep  below  the  furface  of  the  fluid  : and  fo 
on. — To  prove  this  by  an  experiment,  let  two 
FiS-  pipes,  'as  C and  g,  of  equal  fized  bores,  be 

fixed  into  the  fide  of  the  veffel  A B ; the  pipe  ; 
g being  four  times  as  deep  below  the  furface  of 
the  water  at  b in  the  veffel  as  the  pipe  C is  : and 
while  thefe  pipes  run,  let  water  be  conftantly 
poured  into  the  veffel,  to  keep  the  furface  ftill 
at  the  fame  height.  Then,  if  a cup  that  holds 
a pint  be  fo  placed  as  to  receive  the  water  that 
fpouts  from  the  pipe  C,  and  at  the  fame  moment 
a cup  that  holds  a quart  be  fo  placed  as  to  re- 
ceive the  water  that  fpouts  from  the  pipe  g,  both 
cups  will  be  filled  at  the  fame  time  by  their  re- 
fpective  pipes. 

The  hori-  The  horizontal  diftance  to  which  a fluid  will 
distance  ^Pout  from  a horizontal  pipe,  in  any  part  of  the 
to  which  fide  °f  an  upright  veffel  below  the  furface  of  the 
water  will  fluid,  is  equal  to  twice  the  length  of  a perpen- 
fpout  dicular  to  the  fide  of  the  veffel,  drawn  from  the 

poTs  mouth  of  the  pipe  to  a femicircle  deferibed  upon 

the  altitude  of  the  fluid : and  therefore,  the 
fluid  will  fpout  to  the  greateft  diffance  pofiible 
from  a pipe  whofe  mouth  is  at  the  center  of 
the  femicircle  \ becaufe  a perpendicular  to  its 
diameter  (fuppoled  parallel  to  the  fide  of  the 
veffel)  drawn  from  that  point,  is  the  longed  that 
can  pofiibly  be  drawn  from  any  part  of  the 
diameter  to  the  circumference  of  the  femicircle. 
.Thus,  if  the  veffel  A B be  full  of  water,  the 
horizontal  pipe  D be  in  the  middle  of  its  fide, 
and  the  femicircle  N d c b be  deferibed  upon  D 
as  a center,  with  the  radius  or  femidiameter 
D g N,  or  Df  b,  the  perpendicular  D d to  the 
diameter  N D bis  the  longed  tfcat  can  be  drawn 

from 
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from  any  part  of  the  diameter  to  the  circumfe- 
rence N d c b.  And  if  the  veffel  be  kept  full, 
the  jet  G will  fpout  from  the  pipe  Z),  to  the 
horizontal  diflance  N M,  which  is  double  the 
length  of  the  perpendicular  D d.  If  two  other 
pipes,  as  C and  Z,  be  fixed  into  the  fide  of  the 
veffel  at  equal  diftanees  above  and  below  the 
pipe  D,  the  perpendiculars  C c and  E e , from 
thefe  pipes  to  the  femicircle,  will  be  equal ; and 
the  jets  F and  H fpouting  from  them  will  each 
go  to  the  horizontal  diflance  NK  ; which  is 
double  the  length  of  either  of  the  equal  perpen- 
' diculars  C c or  E e. 

_ Fluids  by  their  preffure  may  be  conveyed  over  How  wa- 
hills  and  vallies  in  bended  pipes,  to  any  height ter  may 
not  greater  than  the  level  of  the  fpring  from  hf  c<f~ 
whence  they  flow.  But  when  they  are  defigned  over  hills 
to  be  raffed  higher  than  the  fprings,  -forcing  en-  and'val- 
gines  muff  be  ufed ; which  fhall  be  defcribed lies- 
when  we  come  to  treat  of  pumps. 

A fyphon,  generally  ufed  for  decanting  li- The^- 
quors,  is  a bended  pipe,  whofe  legs  are  of  un- pbon. 
equal  lengths ; and  the  fhortefl  leg  mufl  always 
be  put  into  the  liquor  intended  to  be  decanted, 
that  the  perpendicular  altitude  of  the  column  of 
liquor  in  the  other  leg  may  be  longer  than  the 
column  in  the  immerfed  leg,  efpecially  above 
the  furface  of  the  water.  For,  if  both  columns 
were  equally  high  in  that  refpect,  the  atmo- 
iphere,  which  preffes  as  much  upward  as  down- 
ward,  and  therefore  adts  as  much  upward 
agamlt  the  column  in  the  leg  that  hangs  without 
tne  vellel,  as  it  adls  downward  upon  the  fur- 
lace  of  the  liquor  in  the  veffel,  would  hinder 
the  running  of  the  liquor  through  the  fvphon, 
even  though  it  were  brought  over  the  bended  ' 
part  y fudtion.  So  that  there  is  nothing  left  to 

caufe 
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caufe  the  motion  of  the  liquor,  but  the  fuperior 
weight  of  the  column,  in  the  longer  leg,  on 
account  of  its  having  the  greater  perpendicular 
height. 

Let  D be  a cup  filled  with  water  to  C,  and 
ABC  a fyphon,  whofe  Ihorter  leg  B C F is  im- 
merfed  in  the  water  from  C to  F.  If  the  end  of 
the  other  leg  were  no  lower  than  the  line  A C , 
which  is  level  with  the  furface  of  the  water,  the 
fyphon  would  not  run,  even  though  the  air 
fhould  be  drawn  out  of  it  at  the  mouth  A.  For 
although  the  fudion  would  draw  fome  water  at 
firft,  yet  the  water  would  flop  at  the  moment 
the  fudion  cealed  ; becaufe  the  air  would  ad  as 
much  upward  againft  the  water  at  A , as  it  aded 
downward  for  it  by  prefiing  on  the  furface  at  C. 
But  if  the  leg  A B comes  down  to  G,  and  the 
air  be  drawn  out  at  G by  fudion,  the  water  will 
immediately  follow,  and  continue  to  run,  until 
the  furface  of  the  water  in  the  cup  comes  down 
to  j F;  becaufe,  till  then,  the  perpendicular 
height  of  the  column  BAG  will  be  greater  than 
that  of  the  column  C B ; and  confequently,  its 
weight  will  be  greater,  until  the  furface  comes 
down  to  F;  and  then  the  fyphon  will  flop, 
though  the  leg  C F fhould  reach  to  the  hottom 
of  the  cup.  For  which  reafon,  the  leg  that 
hangs  without  the  cup  is  always  made  long 
enough  to  reach  below  the  level  of  its  bottom  $ 
as'  from  d to  E : and  then,  when  the  fyphon  is 
emptied  of  air  by  fudion  at  E,  the  water  im- 
mediately follows,  and  by  its  continuity  brings 
away  the  whole  from  the  cup  ; juft  as  pulling 
one  end  of  a thread  will  make  the  whole  clue 
follow. 

If  the  perpendicular  height  of  a fyphon,  from 
the  furface  of  the  water  to  its  bended  top  at  Bt 

be 
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be  more  than  33  feet,  it  will  draw  no  water, 
even  though  the  other  leg  were  much  longer, 
and  the  fyphon  quite  emptied  of  air ; becaufe 
the  weight  of  a cohfmn  of  water  33  feet  high, 
is  equal  to  the  weight  of  as  thick  a column  of 
air,  reaching  from  the  furface  of  the  earth  to 
the  top  of  the  atmofphere  ; fo  that  there  will 
then  be  an  equilibrium,  and  confequently,  though 
there  would  be  weight  enough  of  air  upon  the 
furface  C to  make  the  water  afcend  in  the  leg 
CB  almoft  to  the  height  B , if  the  fyphon  were 
emptied  of  air,  yet  that  weight  would  not  be 
fufficient  to  force  the  water  over  the  bend  ; and 
therefore  it  could  never  be  brought  over  into 
the  leg  BAG. 

Let  a hole  be  made  quite  through  the  bottom  Fig-  10. 
of  the  cup  A,  and  the  longer  leg  of  the  bended  Bar.taiw.'s 
fyphon  DEBG  be  cemented  into  the  hole,  fo  cup' 
thai  the  end  D or  the  fhorter  leg  DE  may  al- 
molt  touch  the  bottom  of  the  cup  within. 

. Then>  water  be  poured  into  this  cup,  it  will 
rife  in  the  fhorter  leg  by  its  upward  prefTqre, 
driving  out  the  air  all  the  .way  before  it  through 
the  longer  leg : and  when  the  cup  is  filled  above 
the  bend  of  the  cyphon  at  F,  the  preffure  of  the 
water  in  the  cup  will  force  it  over  the  bend  of 
^ fyphon  ; and  it  will  defcend  in  the  longer  leg 

CBG,  and  run  through  the  bottom,  until  the  cup 
be  emptied.  1 

This  is  generally  called  Tantalus’s  cup,  and 
the  legs  of  the  fyphon  in  it  are  almoft  clofe  to- 
gethef;  and  a little  hollow  flatue,  or  figure  of 
a man  is  fometimcs  pm  over  the  fyphon  to  con- 
ceal  it ; the  bend  £ being  within  the  neck  of 
he  figure  as  high  a,  the  chin.  So  that  poor 
h.r%  Tantalus  (lands  up  to  the  chin  in  water, 
imagining  it  will  rife  a little  higher,  and  he 

^ may 
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may  drink  ; but  indead  of  that,  when  the  water 
comes  up  to  his  chin,  it  immediately  begins  to 
defcend,  and  fo,  as  he  cannot  ftoop  to  follow 
it,  he  is  left  as  much  pained  with  third  as 
ever. 

The  foun-  The  device  called  the  fountain  at  command , 
taw  at  afts  upon  the  fame  principle  with  the  fyphon  in 

PlatTxi  CUP*  ^et  tw°  ve^s  ^ an<^  be  j°inecl 
Fig.  together  by  the  pipe  C which  opens  into  them 
both.  Let  A be  open  at  top^  B clofe  both  at 
top  and  bottom,  fave  only  a fmall  hole  at  b to 
let  the  air  get  out  of  the  veffel  B , and  A be  of 
luch  a fize,  as  to  hold  about  fix  times  as  much 
water  as  B.  Let  a fyphon  DEF  be  foldered  to 
the  vcffel  B at  <?,  fo  that  the  part  D Ee  may  be 
within  the  veffel,  and  F without  it  ; the  end  D 
almod  touching  the  bottom  of  the  veffel,  and 
the  end  F below  the  level  of  D : the  veffel  B 
hanging  to  A by  the  pipe  C (foldered  into  both) 
and  the  whole  fupported  by  the  pillars  G and  H 
upon  the  dand  I.  The  bore  of  the  pipe  mud 
be  confiderably  lefs  than  the  bore  of  the  fy- 
phon. 

The  whole  being  thus  condru&ed,  let  the 
veffel  A be  filled  with  water,  which  will  run 
through  the  pipe  C,  and  fill  the  veffel  B.  When 
B is  filled  above  the  top  of  the  fyphon  at  E,  the 
water  will  run  through  the  fyphon,  and  be  dif- 
charged  at  F.  But  as  the  bore  of  the  fyphon  : :i 
is  larger  than  the  bore  of  the  pipe,  the  fyphon  ra 
will  run  fader  than  the  pipe,  and  will  foon  ;d 
empty  the  veffel  B ; upon  which  the  water  will  j 
ceafe  from  running  through  the  fyphon  at  Fy  [ 
until  the  pipe  C refills  the  veffel  B,  and  then  it  [j 
will  begin  to  run  as  before.  And  thus  the  fy-»-| 
phon  will  continue  to  run  and  dop  alternately,. | 
until  all  the  water  in  the  veffel  A has  rumj| 
6 through  il 
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through  the  pipe  C. — So  that  after  a few  trials, 
one  may  eafily  guefs  about  what  time  the  fy- 
phon  will  Hop,  and  when  it  will  begin  to  run  : 
and  then,  to  amufe  others,  he  may  call  out  fop, 
or  run,  accordingly. 

Upon  this  principle,  we  may  eafily  account  jnter_ 
for  intermitting,  or  reciprocating  fprings.  Let  mining 
A A be  part  of  a hill,  within  which  there  is  a fprings. 
cavity  BB ; and  from  this  cavity  a vein  or  Fig.  2. 
channel  running  in  the  diredtion  BCDE.  The 
rain  that  falls  upon  the  fide  of  the  hill  will  fink 
and  drain  through  the  fmall  pores  and  crannies 
G,  G,  G,  G ; and  fill  the  cavity  with  water  K. 

When  the  water  rifes  to  the  level  HHC,  the 
vein  BCDE  will  be  filled  to  G,  and  the  water 
will  run  through  CDF  as  through  a fyphon  ; 
which  running  will  continue  until  the  cavity  be 
emptied,  and  then  it  will  flop  until  the  cavity  be 
filled  again. 

The  common  pump  { improperly  called  the  fuck-  The  com- 
ing  pump)  with  which  we  draw  water  out  of  mou  pump. 
wells,  is  an  engine  both  pneumatic  and  hydraulic. 

It  confifts  of  a pipe  open  at  both  ends,  in  which 
is  a'  moveable  piflon  or  bucket,  as  big  as  the 
bore  of  the  pipe  in  that  part  wherein  it  works ; 
and  is  leathered  round,  fo  as  to  fit  the  bore- 
exactly ; and  may  be  moved  up  and  down,  with- 
out fullering  any  air  to  come  between  it  and  the 


pipe  or  pump  barrel. 

We  fhall  explain  the  conflrudlion  both  of 
this  and  the  forcing-pump  by  pictures  of  glafs 
models,  m which  both  the  adlion  of  the  piflons 
and  motion  of  the  valves  are  feen. 

Hold  the  model  DC  BE  upright  in  the  veffelriu-. 
water  K,  the  water  being  deep  enough  to 
lfe  at  leaft  as  ^gh  as  from  A to  L.  Tim  valve 
* on  the  moveable  bucket  G,  and  the  valve  b 
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on  the  fixed  box  H (which  box  quite  fills  the 
bore  of  the  pipe  or  barrel  at  H ) will  each  lie 
clofe,  by  its  own  weight,  upon  the  hole  in  the 
bucket  and  box,  until  the  engine  begins  to  work. 
The  valves  are  made  of  brafs,  and  lined  under- 
neath with  leather  for  covering  the  holes  the 
more  clofely  : and  the  bucket  G is  raifed  and  de- 
preffed  alternately  by  the  handle  E and  rod  D d, , 
the  bucket  being  fuppofed  at  B before  the  work-  ■ 
ing  begins. 

Take  hold  of  the  handle  E , and.  thereby 
draw  up  the  bucket  from  B to  C,  which  will 
make  room  for  the  air  in  the  pump  all  the  w'ay 
below  the  bucket  to  dilate  itfelf,  by  which  its 
fpring  is  Weakened*  and  then  its  force  is  not: 
equivalent  to  the  weight  or  preffure  of  the  out-' 
ward  air  upon  the  water  in  the  veffel  K : and. 
therefore,  at  the  firll  ffroke  the  outward  air 
will  prefs  up  the  water  through  the  notched: 
foot  A , into  the  lower  pipe,  about  as  far  as  e : 
this  will  condenfe  the  rarefied  air  in  the  pipe: 
behveen  e and  C to  the  fame  ftate  it  was  in  be- 
fore ; and  then,  as  its  fpring  within  the  pipe 
is  equal  to  the  force  or  preffure  of  the  outward, 
air,  the  water  will  rife  no  higher  by  the  firfl: 
llroke ; and  the  valve  b,  which  was  raifed  a. 
little  by  the  dilatation  of  the  air  in  the  pipe,  wall! 
fall  and  Itop  the  hole  in  the  box  H;  and  the 
furface  ^ of  the  water  will  Hand  at  e.  Then,, 
deprefs  the  pifton  or  bucket  from  C to  B , and; 
as  the  air  in  the  part  B cannot  get  back  again i 
through  the  valve  b , it  will  (as  the  bucket  de-- 
fcends)  raife  the  valve  a and  fo  make  its  wray 
through'  the  upper  part  of  the  barrel  d into  the 
open  air.  But  upon  railing  the  bucket  G a fe- 
cond  time,  the  air  between  it  and  the  water  in ; 
the  lowrer  pipe  at  a will  be  again  left  at  liberty  to  ! 
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fill  a larger  fpace  ; and  fo  its  fp'ring  being  again 
weakened,  the  preffure  of  the  outward  air  on 
the  water  in  the  veffel  K will  force  more  water 
. up  into  the  lower  pipe  from  e to  f;  and  when 
the  bucket  is  at  its  greateft  height  C,  the  lower 
valve  b will  fall,  and-  flop  the  hole  in  the  box 
H as  before.  At  the  next  (broke  of  the  bucket 
or  pifton,  the  water  will  rife  through  the  box 
H toward  B,  and  then  the  valve  b , which  was 
raifed  by  it,  will  fall  when  the  bucket  G is  at 
its  greateft  height.  Upon  depreffing  the  bucket 
again,  the  water  cannot  be  pufhed  back  through 
the  valve  b,  which  keeps  clofe  upon  the  hole 
while  the  pifron  aefeends.  And  upon  raifing 
' the  pifton  again,  the  outward  prefifure.of  the  air 
will  force  the  water  up  through  H,  where  it  will 
raife  the  valve,  and  follow  the  bucket  to 
C.  Upon  the  next  depreffion  of  the  bucket 
G,  it  will  go  down  into  the  water  in  the  barrel 
B ; and  as  the  water  cannot  be  driven  back 
through  the  new  clofe  valve  7,  it  will  raife  the 
valve  a as  the  bucket  defeends,  and  will  be 
lifted  up  by  the  bucket  when  it  is  next  raifed. 
And  now,  the  whole  fpace  below  the  bucket 
being  full,  the  water  above  it  cannot  fink  when 
it  is  next  depreffed ; but  upon  its  depreffion, 
the  valve  a will  rife  to  let  the  bucket  go  down  ; 
and  when  it  is  quite  down,  the  valve  a will  fall 
by  its  weight,  and  (lop  the  hole  in  the  bucket. 
When  the  bucket  is  next  raifed,  all  the  water 
above  it  will  be  lifted  up,  and  begin  to  run  off 
by  the  pipe  F.  And  thus,  by  raifing  and 
depreffing  the  bucket  alternately,  there  is  dill 
more  water  raifed  by  it ; which  getting  above 
the  pipe  F,  into  the  wide  top  7,  will  fupply 

the  pipe,  and  make  it  run  with  a continued 
dream. 

13 


So, 
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So,  at  every  time  the  bucket  is  railed,  the 
valve  b rifes,  and  the  valve  a falls ; and  at  every 
time  the  bucket  is  depreffed,  the  valve  b falls, 
and  a rifes. 

As  it  is  the  preffure  of  the  air  or  atmofphere 
which  caufes  the  water  to  rife,  and  follow  the 
pidon  or  bucket  G as  it  is  drawn  up  ; and  fince 
a column  of  water  33  feet  high  is  of  equal 
weight  with  as  thick  a column  of  the  atmo- 
fphere, from  the  earth  to  the  very  top  of  the  air  ; 
therefore  the  perpendicular  height  of  the  piflon 
or  bucket  from  the  furface  of  the  water  in  the 
well  mud  always  be  lefs  than  33  feet ; otherwife 
the  water  will  never  get  above  the  bucket : 
But,  when  the  weight  is  lefs,  the  preflure  of  the 
atmofphere  will  be  greater  than  the  weight  of 
the  water  in  the  pump,  and  will  therefore  raife 
it  above  the  bucket : and  when  the  water  has 
once  got  above  the  bucket,  it  may  be  lifted 
thereby  to  any  height,  if  the  rod  D be  made 
long  enough,  and  a fufficient  degree  of  drength 
be  employed,  to  raife  it  with  the  weight  of  the 
water  above  the  bucket. 

The  force  required  to  work  a pump  will  be 
as  the  height  to  which  the  water  is  raifed,  and 
as  the  lquare  of  the  diameter  of  the  pump  bore, 
in  that  part  where  the  piflon  works.  So  that, 
if  two  pumps  be  of  equal  heights,  and  one  of 
them  be  twice  as  wide  in  the  bore  as  the  other, 
the  widefl  will  raife  four  times  as  much  water 
as  the  narrowed  ; and  will  therefore  require  four 
times  as  much  drength  to  work  it. 

The  widenefs  or  narrownel's  of  the  pump,  in 
any  other  part  befide  that  in  which  the  piflon 
works,  does  not  make  the  pump  eiiher  more  or 
lefs  difficult  to  work,  except  what  diderence 
may  arile  from  the  friction  of  the  water  in  the 

bore$ 
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bore  ; which  is  always  greater  in  a narrow  bore 
than  in  a wide  one,  becaufe  of  the  greater  velo- 
city of  the  water. 

The  pump-rod  is  never  raifed  directly  by  fnch 
a handle  as  E at  the  top,  but  by  means  of  a 
lever,  whofe  longer  drm  (at  the  end  of  which 
the  power  is  applied)  generally  exceeds  the 
length  of  the  fliorter  arm  five  or  fix  times  ; and, 
by  that  means,  it  gives  five  or  fix  times  as  much 
advantage  to  the  power.  Upon  thefe  principles, 
it  will  be  eafy  to  find  the  dimenfions  of  a pump 
that  fhali  work  with  a given  force,  and  draw 
water  from  any  given  depth.  But,  as  thefe 
calculations  have  been  generally  negle&ed  by 
pump-makers,  (either  for  want  of  fkill  or  in- 
duftry)  the  following  table  was  calculated  by  the 
late  ingenious  Mr.  Booth  for  their  benefit  *. 
In  this  calculation,  he  fuppofed  the  handle  of 
the  pump  to  be  a lever  increafing  the  power 
five  times  ; and  had  often  found  that  a man  can 
work  a pump  four  inches  diameter,  and  30  feet 
high,  and  difcharge  275  gallons  of  water  (Eng- 
lifh  wine  meafure)  in  a minute.  Now,  if  it  be 
required  to  find  the  diameter  of  a pump,  that 
fhali  raife  water  with  the  fame  eafe  from  any 
other  height  above  the  furface  of  the  well ; look 
for  that  height  in  the  firfl  column,  and  over- 
againfl  it  in  the  fecond  you  have  the  diameter  or 
width  of  the  pump  ; and  in  the  third,  you  find 
the  quantity  of  water  which  a man  of  ordinary 
ftrength  can  difcharge  in  a minute, 

* I have  taken  the  liberty  to  make  a few  alterations  in 
Air.  Booth' s numbers  in  the  table,  and  to  lengthen  it  out 
from  So  feet  to  100. 
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The  forcing  pump  raifes  water  through  the 
box  H in  the  fame  manners  the  common  pump 
does,  when  the  plunger  or  piilon  g is  lifted 
up  by  the  rod  D d.  But  this  plunger  has  no 
hole  through  it,  to  let  the  water  in  the  barrel 
B C get  above  it,  when  it  is  depreffed  to  B,  and 
the  valve  b (which  rofe  by  the  afcent  of  the 

• water 


I 


4 


123 


Of  Hydraulic  Engines. 

water  through  the  box  H when  the  plunger  g 
was  drawn  up)  falls  down  and  Hops  the  hole  in 
H,  the  moment  that  the  plunger  is  raifed  to  its 
greatell  height.  Therefore,  as  the  water  be- 
tween the  plunger  g and  box  H can  neither  get 
through  the  plunger  upon  its  defcent,  nor  back 
again  into  the  lower  part  of  the  pump  L e , but 
has  a free  paffage  by  the  cavity  around  H into 
the  pipe  M M,  which  opens  into  the  air-velfel 
KK  at  P ; the  water  is  forced  through  the  pipe 
MM  by  the  defcent  of  the  plunger,  and  driven 
into  the  air  velfel ; and  in  running  up  through 
the  pipe  at  P,  it  opens  the  valve  a ; which  fhuts 
at  the  moment  the  plunger  begins  to  be  raifed, 
becaufe  the  a&ion  of  the  water  againfl  the  under 
fide  of  the  valve  then  ceafes. 

The  water,  being  thus  forced  into  the  air- 
velfel  KK  by  repeated  flrokes  of  the  plunger, 
gets  above  the  lower  end  of  the  pipe  GHI> 
and  then  begins  to  condenfe  the  air  in  the  velfel 
KK.  For,  as  the  pipe  GH  is  fixed  air-tight 
into  the  velfel  below  T,  and  the  air  has-  no  way 
to  get  out  of  the  velfel,  but  through  the  mouth 
of  the  pipe  at  /,  and  cannot  get  out  when  \ the 
mouth  I is  covered  with  water,  and  is  more 
and  more  condenfed  as  the  water  rifes  upon  the 
pipe,  the  air  then  begins  to  a£t  forcibly  by  its 
fpring  againfl  the  furface  of  the  water  at  H : and 
this  adlion  drives  the  water  up  through  the  pipe 
JHGF,  from  whence  it  fpouts  in  a jet  S to  a 
great  height;  and  is  fupplied  by  alternately  raif- 
ing  and  depreffmg  of  the  plunger  g,  which  con- 
fiantly  forces  the  water  that  it  raifes  through 
the  valve  H}  along  the  pipe  MM , into  the  air- 
velfel  KK. 

The  higher  that  the  furface  of  the  water  H is 
raifed  in  the  air-velfel,  the  lefs  fpace  will  the 

air 
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air  be  condenfed  into,  which  before  filled  that 
vefiel  ; and  therefore  the  force  of  its  fpring  will 
be  fo  much  the  ftronger  upon  the  w'ater,  and 
will  drive  it  with  the  greater  force  through  the 
pipe  at  F : and  as  the  fpring  of  the  air  con- 
tinues while  the  plunger  g is  rifing,  the  dream 
or  jet  S will  be  uniform,  as  long  as  the  a&ion 
of  the  plunger  continues  : and  when  the  valve  b 
opens,  to  let  the  water  follow  the  plunger  up- 
ward, the  valve  a Ihuts,  to  hinder  the  water, 
which  is  forced  into  the  air-vefiel,  from  running 
back  by  the  pipe  MM  into  the  barrel  of  the 
pump. 

If  there  was  no  air-vefiel  to  this  engine,  the 
pipe  GH I would  be  joined  to  the  pipe  MMN 
at  P ; and  then,  the  jet  S would  flop  every 
time  the  plunger  is  railed,  and  run  only  when 
the  plunger  is  deprelfed. 

Mr.  New/ham’  $ water-engine,  for  extinguifh- 
ing  fire,  confifts  of  two  forcing  pumps,  which 
alternately  drive  wrater  into  a clofe  veffel  of  air, 
and  by  forcing  the  wrater  into  that  velfel,  the  air 
in  it  is  thereby  condenfed,  and  comprefles  the 
water  fo  drongly,  that  it  ruflies  out  with  great 
impetuofity  and  force  through  a pipe  that  comes 
down  into  it  ; and  makes  a continued  uniform 
dream  by  the  condenfation  of  the  air  upon  its 
furface  in  the  vedel. 

By  means  of  forcing  pumps,  wrater  may  be 
faded  to  any  height  above  the  level  of  a river 
or  fpring ; and  machines  may  be  contrived  to 
work  thefe  pumps,  cither  by  a running  dream, 
a fall  of  water,  or  by  horfes.  An  indance  in  each 
fort  w-ill  be  fufficient  to  fliew  the  method. 
PlateXH.  Fird,  by  a running  dream,  or  a fall  of  va- 
Fig- 1-  ter.  Let  AA  be  a wheel,  turned  by  the  fall 
of  water  BB\  and  have  any  number  of  cranks 

(fop- 
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('fuppofe  fix)  as  C,D,E,F,GyH,  on  its  axis, 
according  to  the  flrength  of  the  fall  of  water, 
and  the  height  to  which  the  water  is  intended  to 
be  raifed  by  the  engine.  As  the  wheel  turns 
round,  thefe  cranks  move  the  levers  c,  dje,fJg,h,  a pump 
up  and  down,  by  the  iron  rods  /,  k,  l,m,n,  0 ; engine  to 
which  alternately  rife  and  deprefs  the  pill ons  by  8°  by 
the  other  iron  rods  p , y,  ryf  t , uy  w , x , y,  in 
twelve  pumps ; nine  whereof,  as  L,  M,  N,  0,  P, 

R,  5,  T*,  appear  in  the  plate  ; the  other  three 
being  hid  behind  the  work  at  V.  And  as  pipes 
may  go  from  all  thefe  pumps  to  convey  the 
water  (drawn  up  by  them  to  a fmall  height)  into 
a clofe  ciflern,  from  which  the  main  pipe  goes 
off,  the  water  will  be  forced  into  this  ciltern  by 
the  defcent  of  the  piflons.  And  as  each  pipe, 
going  from  its  refpedive  pump  into  the  ciflern, 
has  a valve  at  its  end  in  the  ciflern,  thefe  valves 
will  hinder  the  return  of  the  water  by  the  pipes ; 
and  therefore,  when  the  ciflern  is  once  full,  each 
piflon  upon  its  defcent  will  force  the  water  (con- 
veyed into  the  ciflern  by  a former  ftroke)  up 
the  main  pipe,  to  the  height  the  engine  was  in- 
tended to  raife  it : which  height  depends  upon 
the  quantity  raifed,  and  the  power  that  turns  the 
wheel.  When  the  power  upon  the  wheel  is  Ief- 
‘ fened  by  any  defed  of  the  quantity  of  water  turn- 
ing it,  a proportionable  number  of  the  pumps 
may  be  fet  afide,  by  difengaging  their  rods  from 
the  vibrating  levers. 

This  figure  is  a reprefen tation  of  the  engine 
erected  at  Blenheim  for  the  Deke  of  Marlborough , 
by  the  late  ingenious  Mr.  Alderfea.  The  water- 
wheel is  7 £ feet  in  diameter,  according  to  Mr. 

Switzer's  account  in  his  Hydraulics. 

When  fuch  a machine  is  placed  in  a dream 
that  runs  upon  a fmall  declivity,  the  motion  of 

the 


126 


Of  Hydraulic  Engines. 

the  levers  and  aclion  of  the  pumps  will  be  but 
flow ; fmee  the  wheel  mull  go  once  round  for 
each  flroke  of  the  pumps.  But,  when  there  is  a 
large  body  of  flow  running  water,  a cog  or  fpur- 
v wheel  may  be  placed  upon  each  fide  of  the 
.water-wheel  AA,  updn  its  axis,  to  turn  a trundle 
upon  each  fide  ; the  cranks  being  upon  the  axis 
of  the  trundle.  And  by  proportioning  the  cog- 
wheels to  the  trundles,  the  motion  of  the  pumps 
may  be  made  quicker,  according  to  the  quantity 
and  lirength  of  the  water  upon  the  firfh  wheel ; 
which  may  be  as  great  as  the  workman  pleafes  ; 
according  to  the  length  and  breadth  of  the  float- 
boards  or  wings  of  the  wheel.  In  this  manner, 
the  engine  for  raifing  water  at  London-Bridge  is 
conflrucfed  ; in  which,  the  water-wheel  is  20  feet 
diameter,  and  the  floars  14  feet  long. 

Where  a dream  or  fall  of  water  cannot  be  had, 
engine  to  and  gentlemen  want  to  have  water  raifed,  and 
go  by  brought  to  their  houfes  from  a rivulet  or  fpring  ; 
liorfes.  may  be  effefted  by  a horfe-engine,  working 

p.  three  forcing  pumps  which  ftand  in  a refervoir 
,fe'  ’ filled  by  the  fpring  or  rivulet : the  piftons  being 
moved  up  and  down  in  the  pumps  by  means  of  a 
triple  crank  ABC , which,  as  it  is  turned  round 
by  the  trundle  G,  raifes  and  depreffes  the  rods 
D , A,  F.  The  trundle  may  be  turned  by  fuch  a 
wheel  as  F in  Fig.  1.  of  Plate  VIII.  having  le- 
vers y,  y,y,  y,  on  its  upright  axle,  to  which  horfes 
may  be  joined  for  working  the  engine.  And  if 
the  wheel  has  three  times  as  many  cogs  as  the 
trundle  has  ftaves  or  rounds,  the  trundle  and 
cranks  will  make  three  revolutions  for  every  one 
of  the  wheel : and  as  each  crank  will  fetch  a 
flroke  in  the  time  it  goes  round,  the  three  cranks 
w’ill  make  nine  ftrokes  for  every  turn  of  the  great 
wheel. 

The 
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The  cranks  ftiould  be  made  of  caft  iron,  be- 
caufe  that  will  not  bend  ; and  they  fhould  each 
make  an  angle  of  120  with  both  of  the  others, 
as  at  a,  b,  c ; which  is  (as  it  were)  a view  of  their  ^ate  % 
radii,  in  looking  endwife  at  the  axis;  and  then  2 
there  will  be  always  one  or  other  of  them  going 
downward,  which  will  pufli  the  water  forward 
with  a continued  dream  into  the  main  pipe. 

For,  when  b is  almoft  at  its  lowed  pofition,  and 
is  therefore  juft  beginning  to  lofe  its  action  upon 
the  pifton  which  it  moves,  c is  beginning  to  move 
downward,  which  will  by  its  pifton  continue  the 
propelling  force  upon  the  water : and  when  c is 
come  down  to  the  pofition  of  b,  a will  be  in  the 
pofition  of  c. 

The  more  perpendicularly  the  pifton  rods 
move  up  and  down  in  the  pumps,  the  freer  and 
better  will  their  ftrokes  be  : but  a little  devia- ' 
tion  from  the  perpendicular  will  not  be  material. 
Therefore,  when  the  pump-rods  D , E,  and  F, 
go  down  into  a deep  well,  they  may  be  moved 
diretftly  by  the  cranks,  as  is  done  in  a very  good 
horfe  ^engine  of  this  fort  at  the  late  Sir  James 
Creed’s,  at  Greenwich , whichforces  up  water  about 
64  feet  from  a well  under  ground,  to  a refervoir 
on  the  top  of  his  houfe.  But  when  the  cranks 
are  only  at  a fmall  height  above  the  pumps,  the 
piftons  muft  be  moved  by  vibrating  levers,  as  in 
the  above  engine  at  Blenheim : and  the  longer 
the  levers  are,  the  nearer  will  the  ftrokes  be  to  a 
perpendicular. 


uuie  or  eacn  pump  be  four  inches  diameter.  engine. 
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Then,  if  the  great  wheel  has  three  times  as  many 
cogs  as  the  trundle  has  (laves,  the  trundle  and 
cranks  will  go  three  times  round  for  each  revolu- 
tion of  the  horfes  and  wheel,  and  the  three  cranks 
will  make  nine  ftrokes  of  the  pumps  in  that  time, 
each  ftroke  being  1 8 inches  (or  double  the  length 
of  the  crank)  in  a four-inch  bore.  Let  the  dia- 
meter of  the  horfe-walk  be  1 8 feet,  and  the  per- 
pendicular height  to  which  the  water  is  railed 
above  the  furface  of  the  well  be  64  feet. 

If  the  horfes  go  at  the  rate  of  two  miles  an 
hour  (which  is  very  moderate  walking)  they 
will  turn  the  great  wheel  187  times  round  in  an 
hourf 

In  each  turn  of  the  wheel  the  piflons  make  9 
flrokes  in  the  pumps,  which  amount  to  16S3  in 
an  hour. 

Each  ftroke  raifes  a column  of  water  1 8 inches 
long,  and  four  inches  thick,  in  the  pump-bar- 
rels ; which  column,  upon  the  defeent  of  the 
pifton,  is  forced  into  the  main  pipe,  whofe  per- 
pendicular altitude  above  the  furface  of  the  well 
is  64  feet. 

Now,  ftnee  a column  of  water  18  inches  long, 
and  4 inches  thick,  contains  22.6.18  cubic  inches, 
this  number  multiplied  by  1683  (the  ftrokes  in 
an  hour)  gives  380661  for  the  number  of  cubic 
inches  of  water  railed  in  an  hour. 

A gallon,  in  winemeafure,  contains  231  cubic 
inches,  by  which  divide  380661,  and  it  quotes 
1468  in  round  numbers,  for  the  number  ofgallons 
railed  in  an  hour  ; which,  divided  by  63,  gives 
26  { hogftteads  — If  the  horfes  go  fafter,  the  quan- 
tity railed  will  be  fo  much  the  greater. 

In  this  calculation  it  is  fuppofed  that  no  water 
is  wafted  by  the  engine.  But  as  no  forcing 
engine  can  be  fuppofed  to  lofe  lels  than  a fifth 
’ part 
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part  of  the  calculated  quantity  of  water,  between  ' 
the  piftons  and  barrels,  and  by  the  opening  and 
(hutting  of  the  valves,  the  holies  ought  to  walk 
almoft  miles  per  hour,  to  fetch  up  this  lofs. 

A column  of  water  4 inches  thick,  and  64  feet 
high,  weighs  349-^  pounds  avoirdupoife,  'or 
424-^  pounds  troy,  and  this  weight,  together  with 
the  friction  of  the  engine,  is  the  refinance  that 
mull  be  overcome  by  the  ftrength  of  the  horfes. 

The  horfe  tackle  (hould  be  fo  contrived,  that 
the  horfes  may*  rather  pulh  on  than  drag  the 
levers  after  them.  For  if  they  draw,  in  going 
round  the  walk,  the  outfide  leather  (traps  will 
rub  againfl  their  (ides  and  hams ; which  will 
hinder  them  from  drawing  at  right  angles  to  the 
levers,  and  fo  make  them  pull  at  a difadvantage. 
But  if  they  pufli  the  levers  before  their  breads, 
inftead  of  dragging  them,  they  can  always  walk 
at  right  angles  to  thefe  levers. 

It  is  no  w'ays  material  what  the  diameter  of 
the  main  or  conduct  pipe  be  : for  the  whole  re- 
fiftance  of  the  water  therein,  againft  the  horfes, 
will  be  according  to  the  height  to  which  it  is 
raifed,  and  the  diameter  of  that  part  of  the  pump 
in  which  the  pifton  works,  as  we  have  already 
obferved.  So  that  by  the  fame  pump,  an  equal 
quantity  of  water  may  be  raifed  in  (and  confe- 
quently  made  to  run  from)  a pipe  of  a foot  dia- 
meter, with  the  fame  eafe  as  in  a pipe  of  five  or 
fix  inches:  or  rather  with  more  eafe,  becaufe  its 
velocity  in  a large  pipe  will  be  lefs  than  in  a 
fmall  one ; and  therefore  its  fridfion  againft  the 
fides  of  the  pipe  will  be  lels  alfo. 

And  the  force  required  to  raife  water  depends 
not  upon  the  length  of  the  pipe,  but  upon  the 
perpendicular  height  to  which  it  is  raifed  therein 
above  the  level  of  the  fpring.  So  that  the  fame 

force, 
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force,  which  would  raife  water  to  the  height  AB 
in  the  upright  pipe  A i k Imn  op  q B,  will  raife  it 
to  the  fame  height  or  level  BI H in  the  oblique 
pipe  AEFGH.  For  the  prefiure  of  the  water 
at  the  end  A of  the  latter,  is  no  more  than  its  pref- 
fufe  againft  the  end  A of  the  former* 

The  weight  or  prefiure  of  water  at  the  lower 
end  of  the  pipe,  is  always  as  the  fine  of  the 
angle  to  which  the  pipe  is  elevated  above  the 
level  parallel  to  the  horizon.  For,  although  the' 
water  in  the  upright  pipe  AB  would  require  a 
force  applied  immediately  to  the  lower  end  A 
equal  to  the  weight  of  all  the  u'ater  in  it,  to  fup- 
port  the  water,  and  a little  more  to  drive  it  up, 
and  out  of  the  pipe;  yet,  if  that  pipe  be  inclined 
from  its  upright  pofition  to  an  angle  cf  80  de- 
grees (as  in  A 80)  the  force  required  to  fupport 
or  to  raife  the  fame  cylinder  of  water  will  then 
be  as  much  lefs,  as  the  fine  80  h is  lefs  than  tke 
radius  AB  ; or  as  the  fine  of  80  degrees  is  lefs 
than  the  fine  of  90.  And  fo,  decreafmg  as  the 
fine  of  the  angle  of  elevation  Ieflens,  until  it  ar- 
rives at  its  level  A C or  place  of  reft,  where  the 
force  of  the  water  is  nothing  at  either  end  of  the 
pipe.  For,  although  the  abfolute  weight  of  the 
■water  is  the  fame  in  all  pofitions,  yet  its  prefiure 
at  the  low-er  end  decreafes,  as  the  fine  of  the  angle 
of  elevation  decreafes ; as  wall  appear  plainly  by 
a farther  confideration  of  the  figure. 

Let  two  pipes,  A B and  A C,  of  equal  lengths 
and  bores,  join  each  other  at  A ; and  let  the  pipe 
A B be  divided  into  100  equal  parts,  as  the  fcale 
S is;  whofe  length  is  equal  to  the  length  of  the 
pipe.— ‘Upon  this  length,  as  a radius,  deferibe 
the  quadrant  B CD , and  divide  it  into  90  equal 
parts  or  degrees. 

Let  the  pipe  A C be  elevated  to  1 o degrees 

upon 
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upon  the  quadrant,  and  filled  with  water ; then, 
part  of  the  water  that  is  in  it  will  rife  in  the 
pipe  A B , and  if  it  be  kept  full  of  water,  it  will 
raile  the  water  in  the  pipe  A B from  A to  / ; 
that  is,  to  a level  i io  with  the  mouth  of  the 
pipe  at  io:  and  the  upright  line  a io,  equal  to 
Ai , will  be  the  fine  of  io  degrees  elevation; 
which  being  meafured  upon  the  fcale  5,  will  be 
about  17*4  of  fuch  parts  as  the  pipe  contains 
100  in  length  : and  therefore,  the  force  or  preft 
fure  of  the  water  at  A , in  the  pipe  A 10,  will 
be  to  the  force  01:  preffure  at  A in  the  pipe  A B, 
as  17.4  to  00. 

Let  the  fame  pipe  be  elevated  to  20  degrees 
in  the  quadrant,  ,and  if  it  be  kept  full  of  water, 
part  of  that  water  will  run  into  the  pipe  A B , 
and  rife  therein  to  the,  height  A k,  which  is 
equal  to  the  length  of  the  upright  line  b 20,  or 
to  the  fine  of  20  degrees  elevation  ; which,  be- 
ing meafured  upon  the  fcale  5,  will  be  34,2  of 
fuch  parts  as  the  pipe  contains  100  in  length. 
And  therefore,  the  preffure  of  the  water  at^ A , 
in  the.  full  pipe  A . 20,  will  be  to  its  pfreffure,  if 
that  pipe  were  raffed  to  the  perpendicular  fitua- 
tion  A B , as  34.2  to  100. 

Lle.vate  the  pipe  to  the  pofition  A 30  on  the 
quadrant,  and  if  it  be  fupplied  with  water,  the 
water  will  rife  from  it  into  the  pipe  A B,  to 
the  height  A /,  or  to  the  fame  level  with  the 
mouth  of  the  pipe  at  30.  The  fine  of  this  ele- 
vation,.  or  of  the  angle  of  30  degrees,  is  c 30  ; 
which  is  juft  .equal  to  half  the  length  of  the  pipe 
or  to  50  of  fuch  parts  of  the  fcale,  as  the  length 
of  the  pipe  contains  100.  Therefore,  the  pref- 
fure  of  the  water  at  A,  in  a pipe  elevated  30 
degrees  above  the  horizontal  level,  will  be  equal 
to  one  half  of  what  it  would  be  if  die  fame  pipe 
itood  upright  in  the  fituation  AB. 
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And  thus,  by  elevating  the  pipe  to  40,  50, 
60,  70,  and  80  degrees  on  the  quadrant,  the 
fines  of  thefe  elevations  will  be  d 40,  e $&,f  60, 
g 70,  and  h 80 ; which  will  be  equal  to  the 
heights  Am,  An,  Ao,  Ap , and  Aq : and  thefe 


sine  of 

farts. 

ibine  of 

farts. 

sine  of 

farts. 

D.  1 

27 

D.31 

5*5 

D.6l 

875 

2 

35 

32 

53° 

62 

88  3 

3 

52 

33 

545 

63 

891 

4 

.70 

34 

559 

64 

899 

5 

87 

35 

573 

65 

906 

6 

104 

36 

588 

66 

913 

7 

122' 

37 

602 

67 

920 

8 

139 

38 

6 1 6 

68 

927 

9 

l56 

39 

629 

69 

934 

10 

r74 

40 

643 

70 

940 

191 

41 

656 

71 

945 

1 2 

208 

42 

669 

72 

95 1 

J3 

225 

43 

682 

73 

956 

14 

242 

44 

695 

74 

961 

*5 

259 

45 

7°7 

75 

966 

16 

276 

46 

7*9 

76 

970 

J7 

292 

47 

731 

77 

974 

18 

3°9 

48 

743 

78 

978 

J9 

325 

49 

755 

79 

982 

20 

342 

5° 

766 

80 

985 

21 

358 

51 

777 

8 1 

988 

22 

375 

52 

788 

82 

990 

23 

391 

53 

799 

83 

992 

24 

407 

54 

809 

84 

994 

25 

423 

55 

819 

85 

996 

26 

43  8 

56 

829 

86 

997 

27 

454 

57 

839 

87 

998 

28 

469 

58 

848 

88 

999 

29 

485 

59 

857 

89 

r 000 

30 

5°° 

60 

866 

90 

1000 

height# 
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heights  meafured  upon  the  fcale  S will  be 
64.3,  76.6  86.6,  94.0,  and  98.5  ; which  ex- 
prefs  the  preflures  at  A in  all  thefe  elevations, 
confidering  the  preflure  in  the  upright  pipe  AB 
as  100. 

Becaufe  it  may  be  of  ufe  to  have  the  lengths 
of  all  the  fines  of  a quadrant  from  o degrees 
to  90,  we  have  given  the  foregoing  table,  {hew- 
ing the  length  of  the  fine  of  every  degree  in 
fuch  parts  as  the  whole  pipe  (equal  to  the  radius 
of  the  quadrant)  contains  1000.  Then  the  fines 
will  be  integral  or  whole  parts  in  length.  But 
if  you  fuppofe  the  length  of  the  pipe  to  be  di- 
vided only  into  100  equal  parts,  the  laft  figure 
of  each  part  or  fine  muft  be  cut  off  as  a decimal ; 
and  then  thofe  which  remain  at  the  left  hand 
of  this  reparation  will  be  integral  or  whole 
parts. 

Thus,  if  the  radius  of  the  quadrant  (fup- 
pofed  to  be  equal  to  the  length  of  the  pipe  AC ) 
be  divided  into  1000  equal  parts,  and  the  ele- 
vation be  45  degrees,  the  fine  of  that  elevation 
will  be  equal  to  707  of  thefe  parts : but  if  the 
radius  be  divided  only  into  roo  equal  parts,  the 
fame  fine  will  be  only  70.7  or  70-7-3-  of  thefe 
parts.  For,  as  1000  is  to  70 7,  fo  is  100  to 
70.7. 

As  it  is  of  great  importance  to  all  engine- 
makers,  to  know  what  quantity  and  weight  of 
Water  will  be  contained  in  an  upright  round 
pipe  of  a given  diameter  and  height ; fo  as  by 
knowing  what  weight  is  to  be  raifed,  they  may 
proportion  their  engines  to  the  force  which 
thev  can  afford  to  work  them  ; we  {hall  fubjoin 
tables  fhewing  the  number  of  cubic  inches  of 
water  contained  in  an  upright  pipe  of  a round 
( We,  of  any  diameter  from  one  inch  to  fix  and 

K 2 a half  $ 
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a half ; and  of  any  height  from  one  foot  to  two 
hundred : together  with  the  weight  of  the  faid 
number  of  cubic  inches,  both  in  troy  and  avoir- 
dupoife  ounces.  The  number  of  cubic  inches 
divided  by  231,  will  reduce  the  water  to  gallons 
in  wine  meafure  ; and  divided^by  282,  will  re- 
duce it  to  the  meafure  of  ale  gallons.  Alfo, 
the  troy  ounces  divided  by  12,  will  reduce  the 
weight  to  troy  pounds  : and  the  avoirdupoife 
ounces  divided  by  16,  will  reduce  the  weight  to 
avoirdupoife  pounds. 

And  here  I mud  repeat  it  again,  that  the 
weight  or  preffure  of  the  water  afting  againft 
the  power  that  works  the  engine,  mull  always 
. be  eftimated  according  to  the  perpendicular 
height  to  which  it  is  to  be  raifed,  without  any 
regard  to  the  length  of  the  conduct- pipe,  when 
it  has  an  oblique  pofition ; and  as  if  the  diame- 
ter of  that  pipe  were  juft  equal  to  the  diameter 
of  that  part  of  the  pump  in  which  the  pifton 
wprks.  Thus,  by  the  following  tables,  the 
preffure  of  the  water,  againft  an  engine  whofe 
pump  is  of  a 4I  inch  bore,  and  the  perpendicu- 
lar height  of  the  water  in  the  conduft-pipe  is 
80  feet,  will  be  equal  to  8057.5  troy  ounces,  and 
to  8848.2  avoirdupoife  ounces  ; which  makes 
671.4  troy  pounds,  and  553  avoirdupoife." 

For  any  bore  whofe  diameter  exceeds  64. 
inches,  multiply  the  numbers  on  the  following 
page,  againft  any  height  (belonging  to  1 inch 
diameter)  by  the  fquare  of  the  diameter  of  the 
given  bore,  and  the  products  will  be  the 'num- 
ber of  cubic  inches,  troy  ounces,  and  avoirdu- 
poife ounces  of  water,  that  the  given  bore  will 
contain. 

• |£  - . j* 
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i Inch  diameter. 

* 

Weight 

In  avoir- 

n> 

ro 

Quantity 

tr 

in  cubic 

in  troy 

dupoife 

OP 

' 2T 
• 

inches. 

ounces. 

ounces. 

• <9 

I 

9.42 

4-97 

5.46 

2 

11.85 

9-95 

10  92 

3 

28.27 

14.92 

i6.38 

4 

37*70 

19.89 

21.85 

5 

47.12 

24.87 

2 7-31  . 

i 6 

56*55 

29.84 

32-77 

7 

65-97 

34.82 

38-23 

•:  8 

75-40 

39-9 

43.69 

9 

84.82 

44.76 

49. 1 6 

10 

94-25 

49-74 

54.62 

20 

1 88  49 

99.48 

109.24 

3° 

282.74 

149.2  1 

163.86 

40 

376-99 

.98.95  ■ 

2 1 8.47 

5° 

471-24 

248.69 

273.09 

60 

565-49 

• 

298.43 

327.71 

70 

659 -73 

348.i7 

382.33 

80 

753  98 

397.90 

436-95 

90 

848.2:5 

447.64 

49 1 -57 

100 

042.48 

497.38 

546.19 

2 DO 

1 88a  96 

904.76 

092.38 

Example,  Required  the  number  of  cubic  inches  and  the 
weight  of  the  water,  in  an  uptight  fife  278  feel  high,  and 


i \ inch  diameter  ? 

Here  the  neared  finale, 
decimal  figure  lsonly  taken 
into  the  account  : and  the 
whole  being  reduced  by 
divifion,  amounts  to  25^- 
wine  gallons  in  meafure  ; 
to  259J-  pounds  troy,  and 

to  21 3s  pounds  avoirdu- 

poife. 


Cubic  Troy  A voir  d. 
Feet  iuclies  oz.  oz 
200-4241.1-2238  2-2457.8 
70-1484.4-  783.3-  860.2 
8-  169  6-  89.5-  98.3 


Anf.278-5895.j-31 1 1.0-3416.3 
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i r Inch  diameter. 


Feet  high. 

Quantity 
in  cubic 
inches. 

Weight 
in  troy 
ounces. 

In  a-voir* 

dupoife 

ounces. 

i 

21.21 

I I. IQ 

1 2.29 

2 

42.41 

22.38 

24.58 

3 

63.62 

33-57 

36.87 

4 

84.82 

44.76 

49.16 

5 

106.03 

55-95 

61.45 

6 

127.23 

67- 1 5 

73-73 

7 

1 47-44 

73.34 

86.02, 

3 

169.65 

89-53 

98. 31 

9 

190.85 

160.72 

1 10.60 

IO 

2 1 2.06 

1 1 1. 91 

1 22.89 

20 

424.12 

223.82 

245.78 

3° 

636.17 

335-73 

368.68 

40 

848.23 

447.64 

491-57 

5° 

1060.29 

559-55 

614.46 

6o 

1 272*35 

671.46 

737-35 

7° 

1484.40 

7S3-37 

860.24 

8o 

1696.46 

895.28 

983-J4 

9° 

1908.52 

1007.19 

1 106.03 

too 

2120.58 

1 1 19.10 

1 228.92 

200 

4241.15 

2238.20 

2457.84 

Thefe  tables  were  at  firfl  calculated  to  fix 
decimal  places  for  the  fake  of  exa&nefs : but 
in  tranfcriblng  them  there  are  no  more  than 
two  decimal  figures  taken  into  the  account,  and 
fometimes  but  ope  j becaufe  there  is  no  neceflity 


Hydrcjlatical  Tables. 


2 Inches  diameter. 

fD 

n> 

Quantity 

Weight 

In  avoir- 

tr 

in  cubic 

in  troy 

dupoife 

• 

Crq 

inches. 

ounces. 

ounces. 

T 

i 

37-7° 

19.89 

21.85 

2 

75-40 

39-79 

43.69 

3 

113.10 

59.68 

65-54 

4 

1 50.80 

79-58 

87-39 

5 

188.50 

99-47 

109.24 

6 

226. 19 

1 1 9-37 

131.08 

7 

263.89 

139.26 

*52.93 

8 

3° 1 *59 

1 59-  6 

174.78 

9 

339-29 

179.06 

196.63 

IO 

376.99 

198.95 

218.47 

20 

753-98 

397.90 

436.95 

3° 

1 13°-97 

596.85 

655-42 

40 

I5°7-97 

795.80 

873.90 

5° 

1 884.96 

994-75 

1092.37 

6o 

2261.95 

1 x93-7° 

1 3lo-85 

7° 

2638.94 

1392.65 

1 5 2 9 • 3 2 

8o 

3° 1 5*93 

1591.60 

1747.80 

90 

3392.92 

1790.56 

1 966.27 

100 

3769-9 1 

1989.51 

2184.75 

200 

7539-82 

3979.00 

4369.5° 

for  computing  to  hundredth  parts  of  an  inch  or 
of  an  ounce  in  practice.  And  as  they  never 
appeared  in  print  before,  it  may  not  be  amifs 
to  give^  the  reader  an  account  of  the  principles 
upon  which  they  were  conftru&ed. 

K4 


The 


Hydrojlatica!  Tables. 


2\  Inches  diameter. 

r~r 

ttr* 
>— * • 
on 
S* 

Quantity 
in  cubic 
■ inches. 

Weight 
in  troy 
ounces. 

In  avoir- 

dupoife 

ounces. 

l 

58.90 

31.08 

34.14 

2 

1 ■ 7.81 

62.17 

68.27 

3 

1 7'-7 T 

93.26 

102.4. 

4 

2 ;5  62 

124:34 

1 36-55 

5 

294.52 

! 55-43 

1 70.68 

6 

353-43 

186.52 

204.82 

7 

412.33 

217.60 

2 3 -96 

8 

471.24 

248.69 

273.09 

9 

530,I4 

279.77 

307.23 

I o 

5x9-°5 

3 10.86 

341.37 

20 

1 1 78.10 

621.72 

682.73 

3° 

1767.15 

93"*53 

1024. 1,0 

40 

2356.20 

1243.44 

1365-47 

5° 

2545.25 

'554-3° 

1706.83 

6o 

3534-29 

1865.16 

204S.20 

7° 

4123.34 

2176.02 

2389-57 

8o 

4712.39 

2486.88 

2730.94 

9° 

5301.44; 

279--74 

3072.30 

- 1 oo 

5890.49 

3 108.60 

2413.67 

200 

1 1780.98 

62  1 7.20 

4827.34 

The  folidity  of  cylinders  are  found  by  mul- 
tiplying the  areas  of  their  bafes  by  their  alti- 
tudes. And  Archimedes  gives  the  following 
proportion  for  finding  the  area  of  a circle,  and 
the  folidity  of  a cylinder  raifed  upon  that  circle  : 


Hydrojlatical  Tables, 


3 Inches  diameter 

• 

a 

n> 

Quantity 

Weight 

In  avoir- 

r-r 

in  cubic 

in  troy 

dupoife 

• • 

era 

cr 

• 

inches. 

ounces 

ounces. 

1 

84-  8 

44.76 

49.16 

2 

169. 6 

89-53 

98-3 1 

3 

254  5 

134.29 

147-47 

4 

239-3 

1 79.06 

1 96-63 

5 

424.1 

223  82 

245  7 8 

6 

508.9 

268.58 

294.94 

7 

593  7 

3 1 3*35 

344.10 

8 

698.6 

358:  i i 

393-25 

9 

763-4 

848.2 

402.87 

442.41 

10 

447.64 

49r-57 

20 

1696.5 

895  28 

983-l4 

3° 

2544-7 

1342.92 

1474.70 

40 

3392  9 

1 790.56 

19 66  27 

50 

4241.1 

2238.19 

2457.84 

60 

5089.4 

2685.83 

2949.41 

70 

5937 -6 

3 1 33-47 

3440.98 

80 

6785.8 

358i-i  1 

3932.55 

90 

7634* 1 

4028.75 

4424. 1 2 

100 

8482.3 

4476.39 

491  5.68 

200 

16964.6 

8952.78 

9831-36 

As  i is  to  0.785399,  fo  is  the  fquare  of  the 
diameter  to  the  area  of  the  circle.  And  as  1 is 
to  0785399,  fo  is  the  fquare  of  the  diameter 
multiplied  by  the  height  to  the  folidity  of  the 
cylinder.  By  this  analogy  the  folid  inches  and 

parts 


14°  Hydro/latical  Tables. 


34  Inches  diameter. 


Feet  high. 

Quantity- 
in  cubic 
inches. 

Weight 
in  troy 
ounces. 

In  avoir- 

dupoife 

ounces. 

1 

II5-4 

60.9 

66.9 

2 

230.9 

} 2 i.8 

l33-8 

3 

346.4 

1 82.8 

200.7 

4 

461.8 

243-7 

267.6 

5 

577-3 

304.6 

334-5 

6 

692.7 

3656 

401.4 

7 

808.2 

426.5 

468.4 

8 

923.6 

487.4 

535-3 

9 

1039.1 

548.4 

602.2 

10 

1 154-5 

609.3 

669.1 

20 

23°9- 1 

1218.6 

1338.2 

3° 

3463.6 

1827.9 

2007.2 

40 

4618. 1 

.2437-1 

2676.3 

5° 

5772-7 

,3046.4 

3345-4 

60 

6927.2 

3655-7 

4OI4-5 

70 

8081.8 

4265.0 

4683.6 

86 

9236.3 

4874-3 

5352.6 

90 

10390.8 

5483.6 

6021.7 

100 

1 1545.4 

6092.9 

6690.8 

200 

23090.7 

12185.7 

i338i-5 

parts  of  an  inch  in  the  tables  are  calculated  to  a 
cylinder  200  feet  high,  of  any  diameter  from  1 
inch  to  6|,  and  may  be  continued  at  pleafure.. 

i\nd  as  to  the  weight  of  a cubic  foot  of  running 
water,  it  has  been  often  found  upon  trial,  by 

Dr. 


\ 

f 


Hydroflatical  Tables.  14 1 


4 Inches  diameter 

Quantity 

Weight 

In  avoir- 

n> 

rt> 

zr 

in  cubic 

in  troy 

dupoile 

cn 

inches. 

ounces. 

ounces. 

p* 

1 

1 50,8 

79 -6 

87.4 

2 

3QI  6 

159.2 

174.8 

3 

452-4 

238.7 

262.2 

4 

603.2 

3l8*3 

349*6 

5 

754*o 

397*9 

436-9 

6 

904.8 

477*5 

524.3 

7 

1055.6 

557*1 

61 1.7 

. 8 

1206.4 

636.6 

699.1 

9 

13^7.2 

716.2 

786.5 

10 

1 508.0 

795*8 

873*9 

20 

31 15-9 

I59i*6 

1747.8 

3° 

4523.9 

2387.4 

262 1.7 

40 

6°3i-9 

3i83*2 

3495*6 

5° 

7539*8  » 

3997.0 

4369-5 

60 

9047.8 

4774.8 

524^4 

70 

io555*8 

557°*6 

6117*3 

80 

12063.7 

6366.4 

6991.2 

90 

1 357 1 *7 

7162.2 

7865.1 

100 

15079.7 

7958.0 

8739.0 

200 

3oi59*3 

15916.0 

17478.0 

Dr.  JVyberd  and  others,  to  be  76  pounds 
troy,  which  is  equal  to  62.5  pounds  avoirdu-The 
poife.  Therefore,  fince  there  are  1728  cubic  weight  of 
inches  in  a cubic  foot,  a troy  ounce  of  water  runn,n£ 
contains  1.8949  cubic  inch ; and  an  avoirdupoife vvaccl’ 

ounce 


Hydrojlatical  Tables . 


4r  Inches  diameter. 


Feet  high. 

Quantity 
in  cubic 
inches. 

% 

• 

Weight 
in  tfoy 
ounces. 

In  avoir- 

dupoife 

ounces. 

1 

190.8 

100.7 

1 io.6 

2 

38 1 -7 

201.4 

221.2 

3 

572.6 

302.2 

33* -8 

4 

763-4 

402.9 

442.4 

5 

954-3 

5°3-6 

553-° 

6 

1 145-1 

604.3 

663.6 

7 

1 338-0 

705.0 

774.2 

8 

1526.8 

805.7 

884.8 

9 

1 7 1 7*7 

906.5 

995.4 

IC 

i9°8-5 

1007. 2 

1 106.0 

20 

38i7-° 

2014.4 

2212. 1 

3° 

5725-6 

3021.6 

3818.1 

40 

7634-1 

4028.7 

4424.1 

5° 

9542.6 

5°35-9 

553°-1 

60 

1 1 45 1 • 1 

6043.1 

6636.2 

70 

13359-6 

7°5°-3 

7742.2 

80 

i 5268.2 

8o57-5 

8848.2 

90 

1 7 r 76-7 

9064.7 

99-4-3 

100 

19085.2 

10071.9 

1 1060.3 

200 

38170.4 

20143.8 

22120.6 

ounce  of  water  1.725 56  cubic  inch.  Confc- 
quently,  if  the  number  of  cubic  inches  con- 
tained in  any  given  cylinder,  be  divided  by 
1.8949,  it  will  give  the  weight  in  troy  ounces  ; 
and  divided  by  1.72556,  will  give  the  weight 
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5 Inches  diameter. 


Feet  high. 

Quantity 
in  cubic' 
inches. 

Weight 
in  troy 
ounces. 

In  avoir- 

dupoife 

ounces. 

1 

235*6 

1 24-3 

*36*5 

2 

471*2 

248.7 

273.1 

3 

706.6 

373-° 

409.6 

4 

942.5 

497-4 

546.2 

s 

1 178.1 

621.7 

682.7 

6 

I413-7 

746.1 

819.3 

7 

1649.3 

870.4 

955-8 

8 

1885.0 

994.8 

1092.4 

9 

2120.6 

1 1 19.1 

1 228.9 

10 

2356.2 

1243.4 

1 3^5-5 

20 

47 12 -4 

2486.9 

2730.9 

3° 

7068.6 

373°-3 

.4096.4 

40 

9424.8 

4973*8 

5461.9 

50 

1 1780.0 

6217.2 

6827.3 

60 

14137.2 

7460.6 

8 192.8 

70 

16493.4 

8704.1 

9558-3. 

80 

18849.6 

9947*5 

io923*7 

go 

21205  8 

1 1 1 9 1 .0 

12289.2 

too 

23562.0 

12434.4 

.3654.7 

200 

47124.0 

24868.8 

27309.3 

m avoirdupoife  ounces.  By  this  method,  the 
weights  fhewn  in  the  tables  were  calculated  5 and 
are  near  enough  for  any  common  practice. 

The /re  engine  comes  next  in  order  to  be  ex-  Th  ex- 
plained $ but  as  it  would  be  difficult,  even  by  engine. 

the 


T44 


Hydrojiatical  Tables. 


5r  inches  diameter. 


Feet  high.  | 

Quantity 
in  cubic 
inches. 

Weight 
in  troy 
ounces. 

In  avoir- 

dupoife 

ounces. 

i 

28  5.1 

15°-5 

164.3 

2 

570.2 

3o0-9 

328.5 

J 

855-3 

45 1 -4 

492.8 

4 

1 140.4 

601.8 

657-1 

5 

*425.5 

752-3 

821.3 

6 

17  ro.6 

902.7 

•985,6 

7 

1 995-7 

io53-2 

1 149.9 

8 

2280.8 

1203.6 

1314.2 

9 

2565  9 

I354-1 

1478.4 

10 

28  5 1 .0 

1504.6 

1 642.7 

20 

5702.0 

3009.1 

3285-4 

3° 

8553-° 

45 r 3-7 

4928.1 

40 

1 1404.0 

6018.2 

6570.8 

5° 

14255.0 

,7522-8 

8213.5 

6o 

17106.0 

9027.4 

9856.2 

7° 

19957.0 

I053I-9 

r 1498.9 

8o 

22808.0 

12036.5 

i3I4i-6 

9° 

25659-0 

i354i-i 

14784.3 

ioo 

285 10.0 

15045.6 

16426.9 

200 

57020.0 

30091.2 

32853-9 

the  beft  plates,  to  give  a particular  defcription  of 
its  feveral  parts,  fo  as  to  make  the  whole  intel- 
ligible, I fhall  only  explain  the  principles  upon 
which  it  is  conftru&ed. 


i.  What 


Hydroftatical  Tables. 


6 Inches  diameter. 


Feet  high. 

Quantity 
in  cubic 
inches. 

/ 

Weight 
in  troy 
ounces. 

In  avoir- 

dupoife 

ounces. 

i 

339-3 

1 79-1 

196.6 

i 

678.6 

358-1 

393-3 

3 

1017.9 

537-2 

589.9 

4 

I357-2 

716.2 

786.5 

5 

1696.6 

895-3 

983.1 

6 

2035-7 

1074.3 

'O 

00 

7 

2375-° 

1 253-4 

1376.4 

8 

27I4-3 

1432.4 

I573-° 

. 9 

3°53-6 

1611.5 

1769.6 

lO 

3392-9 

1790.6 

1 966.3 

20 

6785.8 

3581-1 

3932.5 

3° 

10178.8 

5371-7 

5898.8 

40 

J3  57* -7 

7162.2 

7865.1 

5° 

16964.6 

8952.8 

9831.4 

6o 

2°357-5 

io743-3 

1 x797-6 

7° 

2375o-5 

1 2533*9 

1 3763.9 

8o 

24143.7 

r4324-4 

I573°-2 

9° 

3°5'36-3 

161 15.0 

17696.5 

loo 

33929.2 

i79°5-6 

19662.7 

1 200 

67858.4 

3581 1.2 

39325-4  1 

i.  Whatever  weight  of  water  is  to  be  raifed, 
the  pump-rod  muff  be  loaded  with  weights  fuf- 
ficient  for  that  purpofe,  if  it  be  done  by  a 
forcing  pump,  as  is  generally  the  cafe  j and  the 

power 


Hydrcflatical  Tables. 


6i-  Inches  diameter. 

51 

0) 

a 

Quantity 

Weight 

In  avoir- 

cr 

in  cubic 

in  troy 

dupoife 

Crq 

rr 

inches. 

ounces. 

ounces. 

I 

398.2 

2101 

230.7 

2 

797-4 

420.3 

46  .4 

3 

*.'95-6 

630  4 

692.1 

4 

I593-8 

840.6 

922.8 

5 

1991.9 

1050.8 

1 x53*6 

6 

2390.1 

1260.9 

'384-1 

7 

2788.3 

'47'- 1 

1615.0 

8 

3i86-5 

1681.2 

1845.7 

9 

35847 

1 891.3 

2o~6.4 

10 

3982.9 

210 1 .5 

2307.1 

20 

7965.8 

4202.9 

4614.3 

3° 

1 1948.8 

6304.4 

6921 .4 

40 

1 593 1 • 7 

8405.9 

9228.6 

5° 

19914-6 

10507.4 

11 535-7 

60 

23897.9 

1 2608.9 

13842.9 

70 

27880.5 

14710.4 

1 6 1 50.0 

80 

31863.4 

1 68 1 1.8 

18457.2 

90 

35846-3 

i89i3,3 

20764.3 

100 

39829.3 

2 1 0 < 4.8 

23071.5 

2.0  c 

79658.6 

42029.6 

46143.0 

power  of  the  engine  muft  be  fufficient  for  the 
weight  of  the  rod,  in  order  to  bring  it  up. 

i.  It  is  known,  that  the  atmofphere  prefles 
upon  the  furface  of  the  earth  with  a force  tqual 
to  i k pounds  upon  every  lcruare  inch. 

• 3.  When 


Of  Hydraulic  Engines. 

3.  When  water  is  heated  to  a certain  degree, 
the  particles  thereof  repel  one  another,  and  con- 
uitute  an  elaflic  flrnd,  which  is  generally  called 
Jleam  or  vapour. 

4*  Hot  fleam  is  very  elaflic  \ and  when  it  is 
cooled  by  any  means,  particularly  by  its  being 
mixed  with  cold  water,  its  elafticity  is  deflroyed 
immediately,  and  it  is  reduced  to  water  again. 

5*  H a veffel  be  filled  with  hot  fleam,  and 
then  doled,  fo  as  to  keep  out  the  external  air. 
and  all  other  fluids ; when  that  fleam  is  by  any 
pneans  condenfed,  cooled,  or  reduced  to  water, 
that,  water  will  fall  to  the  bottom  of  the  veffel* 

and  the  cavity  of  the  veffel  will  be  almofl  a per- 
fect vacuum. 

6.  Whenever  a vacuum  is  made  in  any  veffel, 
the  air  by  us  weight  will  endeavour  to  rufh  into 
the  veffel,  or  to  drive  in  any  other  body  that 

If  £*ve  way  to  its  preffure;  as  may  be  eafily 

rW a cTTn.  ryrinse-  For> if  you  ftop 

the  bottom  of  a fynnge,  and  then  draw  up  the 
piton,  if  it  be  fo  tight  as  to  drive  out  all  the  air 
Delore  It,  and  leave  a vacuum  within  the  fyrine-e 

the  pifton  being  let  go  will  be  driven  down  with 
a great  force. 

7.  The  force  with  which  the  piflon  is  driven 
down,  when  there  is  a vacuum  under  it,  will  be 
.as  the  fquare  of  the  diameter  of  the  bore  in  the 
fange.  That  is  to  fay,  it  will  be  driven  down 
Wth  four  times  as  much  force  in  a fyringe  of  a 

the  h bf°r-e’  i3S  m a fynnge  of  one  ir|oh : for 

fe^rf ' aK  a'WayS  " the 

( 8.  The  preffure  of  the  atmofphere  beinp- 

r°t  Pounds  upon  a fquare  inch  if 

cu  rbe  afm0(l  equual  to  12  P°™ds  upon  a ci“ 
inch.  So  that  if  the  bore  of  the  fyringe 

L * be 


Of  Hydraulic  Engines . 

be  round,  and  one  inch  in  diameter,  the  pifton 
will  be  preft  down  into  it  by  a force  nearly  equal 
to  1 2 pounds  : but  if  the  bore  be  two  inches 
diameter,  the  pifton' will  be  preft  down  with  four' 
times  that  force. 

And  hence  it  is  eafy  to  find  with  what  force 
the  atmofphere  prefles  -upon  any  given  number 
either  of  fquare  or  circular  inches. 

Thefe  being  the  principles  upon  which  this 
engine  is  conftru&ed,  we  ftiall  next  defcribe  the 
chief  working  parts  of  it : which  are,  i . A 
boiler.  2.  A cylinder  and  pifton.  3.  A beam 
or  lever. 

The  boiler  is  a large  veflei  made  of  iron  or 
copper ; and  commonly  fo  big  as . to  contain 
about  2000  gallons. 

The  cylinder  is  about  40  inches  diameter,  bored 
fo  fmooth,  and  its  leathered  pifton  fitting  fo  clofe, 
that  little  or  no  water  can  get  between  the  pifton 
and  Tides  of  the  cylinder. 

Things  being  thus  prepared,  the  cylinder  is 
placed  upright,  and  the  fttank  of  the  pifton  is 
fixed  to  one  end  of  the  beam , which  turns  on  a 
center  like  a common  balance. 

The  boiler  is  placed  under  the  cylinder,  with 
a communication  between  them,  which  can  be 
opened  and  fhut  occafionally. 

The  boiler  is  filled  about  half  full  of  water,, 
and  a ftrong  fire  is  placed  under  it : then,  if  the 
communication  between  the  boil#r  and  the  cy- 
linder be  opened,  the  cylinder  will  be  filled  with  i 
hot  fteam;  which  would  drive  the  pifton  quite  j 
out  at  the  top  of  it.  But  there  is  a contrivance 
by  which  the  beam,  when  the  pifton  is  near  the  ! 
top  of  the  cylinder,  (huts  the  communication  at . 
the  top  of  the  boiler  within. 
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This  is  no  foorier  fhut,  than  another  is  opened, 
by  which  a little  cold  water  is  thrown  upward 
in  a jet  into  the  cylinder,  which  mixing  with  the 
hot  fleam,  condenfes  it  immediately  • by  which 
means  a vacuum  is  made  in  the  cylinder,  and 
the  pifton  is  prefled  down  by  the  weight  of  the 
atmofphere ; and  fo  lifts  up  the  loaded  pump-rod 
at  the  other  end  of  the  beam. 

. If  the  cylinder  be  42  inches  in  diameter,  the 
piflon  wall  be  preffed  down  with  a force  greater 
than  20000  pounds,  and  will  confequeritly  lift 
up  that  weight  at  the  oppofite  end  of  the  beam  : 
and  as  the  pump-rod  with  its  plunger  is  fixed  to 
that  end,  if  the  bore  where  the  plunger  works 
were  10  inches  diameter,  the  water  would  be 
forced  up  through  a pipe  of  180  yards  perpen- 
dicular height. 

But,  as.  the  parts  of  this  engine  have  a good 
deal  of  friction,  and  muff  work  with  a con- 
fiderable  velocity,  and  there  is  no  fuel!  thing  as 
making  a perfect  vacuum  in  the  cylinder,  it  is 
found  that  no  more  than  8 pounds  of  preffure 
muft  be  allowed  for,  on  every  circular  inch  of 
the  piflon  in  the  cylinder,  that  it  may  make 
about  1 6 flrokes  in  a minute,  about  6 feet  each. 

Where  the  boiler  is  very  large,  the  pifton  will 
make  between  20  and  25  flrokes  in  a minute, 
and  each  flroke  7 or  8 feet ; which,  in  a pump 
or  9 inches  bore,  will  raife  upward  of  300  hogf- 
heads  of  water  in  an  hour. 

. ^ 1S  f?und  by  experience  that  a cylinder,  40 
inches  diameter,  will  work  a pump  10  inches  ‘ 
diameter,  and  100  yards  long  : and  hence  we 
can  find  the  diameter  and  length  of  a pump, 
that  can  be  worked  by  any  other  cylinder. 

For  the  convenience  of  thofe  who  would 
make  ufe  of  this  engine  for  raifing  water,  we 
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fhall  fubjoin  part  of  a table  calculated  by  Mr. 
Beighton , fliewing  how  any  given  quantity  of 
water  may  be  raifed  in  an  hour,  from  48  to  406 
hogfheads  ; at  any  given  depth,  from  15  to  100 
yards  ; the  machine  working  at  the  rate  of  1 6 
ftrokes  per  minute,  and  each  flroke  being  6 feet 
long. 

One  example  of  the  ufe  of  this  table  will 
make  the  whole  plain.  Suppofe  it  were  required 
to  draw  100  hogfheads  per  hour,  at  90  yards 
depth : in  the  fecond  column  from  the  right 
hand,  I find  the  nearefl  number,  viz.  1 49  hogf- 
heads 40  gallons,  againfl:  which,  on  the  right 
hand,  I find  the  diameter  of  the  bore  of  the  pump 
muff  be  7 inches  ; and  in  the  fame  collateral  line, 
under  the  given  depth  90,  I find  27  inches,  the 
diameter  of  the  cylinder  fit  for  that  purpofe. — 
And  fo  for  any  other. 
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A Table  (hewing  the  power  of  the  engine  for  railing  water  by  fire. 


Hydraulic  Table. 
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Water  may  be  raifed  by  means  of  a flream. 
A B turning  a wheel  C D E,  according  to  the 
order  of  the  letters,  with  buckets  a,  a , a , <2,  &c. 
hung  upon  the  wheel  by  ftrong  pins  b , b,  b , b, 
&c.  fixed  in  the  fide  of  the  rim  : but  the  wheel 
muft  be  made  as  high  as  the  water  is  intended  to 
be  raifed  above  the  level  of  that  part  of  the 
flream  in  which  the  wheel  is  placed.  As  the 
wheel  turns,  the  buckets  on  the  right-hand  go 
down  into  the  water,  and  are  filled  therewith,  and 
go  up  full  on  the  left  hand,  until  they  come  to 
the  top  at  K ; where  they  ftrike  againft  the  end 
n of  the  fixed  trough  M , and  are  thereby  over- 
fet,  and  empty  the  water  into  the  rrough  ; from 
which  it  may  be  conveyed  in  pipes  to  the  place 
which  it  is  defigned  for  : and  as  each  bucket  gets 
over  the  trough,  it  falls  into  a perpendicular  po- 
fition  again,  and  goesji'own  empty,  until  it  comes 
to  the  water  at  A , where  it  is  filled  as  before. 
On  each  bucket  is  a fpring  r,  which  goes  over 
the  top  or  crown  of  the  bar  m (fixed  to  the 
trough  M)  raifes  the  bottom  of  the  bucket  above 
the  level  of  its  mouth,  and  fo  caufes  it  to  empty 
all  its  water  into  the  trough. 

Sometimes  this  wheel  is  made  to  raife  waiter 
no  higher  than  its  axle ; and  then,  inflead  of 
buckets  hung  upon  it,  its  fpokes  C,  d,  <?,  /,  g,  h, 
are  made  of  a bent  form,  and  hollow  within ; 
thefe  hollow's  opening  into  the  holes  C,  D,  E,  F, 
in  the  outfide  of  the  w'heel,  and  alfo  into  thofe 
at  0 in  the  box  JV  upon  the  axle.  So  that,  as 
the  holes  C,  D,  &c.  dip  into  the  water,  it  runs 
into  them  ; and  as  the  wheel  turns,  the  w'ater 
riles  in  the  hollow  fpokes,  r,  d , &c.  and  runs 
out  in  a flream  P from  the  holes  at  0,  and  falls 
into  the  trough  from  whence  it  is  conveyed 
by  pipes.  And  this  is  a very  eafy  way  of  railing 
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water,  becaufe  the  engine  requires  no  animal 

power  to  turn  it. 

The  art  of  weighing  different  bodies  in  water,  Of  the 
and  thereby  finding  their'  fpecific  gravities,  or  fpecific 
weights,  bulk  for  bulk,  was  invented  by  Ar-  bodies 
chimedes  ; of  which  we  have  the  following  ac- 
count : 

Hiero,  king  of  Syracufe , having  employed  a 
goldfmith  to  make  a crown,  and  given  him  a 
mafs  of  pure  gold  for  that  purpofe,  fufpedted 
that  the  workman  had  kept  back  part  of  the 
gold  for  his  own  ufe,  and  made  up  the  weight 
by  allaying  the  crown  with  copper.  But  the 
king,  not  knowing  how  to  find  out  the  truth  of 
that  matter,  referred  it  to  Archimedes  ; who 
having  ftudied  a long  time  in  vain,  found  it  out 
at  lafl  by  chance.  For,  going  into  a bathing- 
tub  of  water,  and  obferving  that  he  thereby 
raifed  the  water  higher  ip  the  tub  than  it  was 
before,  he  concluded  inftantly  that  he  had  raifed 
it  juft  as  high  as  any  thing  elfe  could  have  done, 

• that  was  exactly  of  his  bulk  : and  confidering 
that  any  other  body  of  equal  weight,  and  of  lefs 
bulk  than  himfelf,  could  not  have  raifed  the 
water  fo  high  as  he  did ; he  immediately  told 
the  king,  that  he  had  found  a method  by  which 
he  could  difcover  whether  there  were  any  cheat 
in  the  crown.  For,  fince  gold  is  the  heavieft 
of  all  known  metals,  it  muft  be  of  lefs  bulk, 
according  to  its  weight,  than  any  other  metal. 

And  therefore  he  defired  that  a mafs  of  pure 
gold,  equally  heavy  with  the  crown  when- 
weighed  in  air,  fhould  be  weighed  againft  it 
in  water  ; and  if  the  crown  was  not  allayed, 
it  would  counterpoife  the  mafs  of  gold  when 
they  were  both  immerfed  in  water,  as  well  as  it 
did  when  they  were  weighed  in  air.  But  upon 
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making  the  trial,  he  found  that  the  mafs  of  gold 
weighed  much  heavier  in  water  than  the  crown 
did.  And  not  only  fo,  but  that,  when  the  mafs 
and  crown  were  immerfed  feparately  in  one  vef- 
fel  of  water,  the  crown  raifed  thd  water  much 
higher  than  the  mafs  did  ; which  (hewed  it  to  be 
allayed  with  fome  lighter  metal  that  increafed  its 
bulk.  And  fo,  by  making  trials  with  different 
metals,  all  equally  heavy  with  the  crown  when 
weighed  in  air,  he  found  out  the  quantity  of  alloy 
in  the  crown. 

The  fpecific  gravities  of  bodies  are  as  their 
weights,  bulk  for  bulk  ; thus  a body  is  faid  to  have 
two  or  three  times  the  fpecific  gravity  of  another, 
when  it  contains  two  or  three  times  as  much 
matter  in  the  fame  fpace. 

A body  immerfed  in  a fluid  will  fink  to  the 
bottom,  if  it  be  heavier  than  its  bulk  of  the  fluid. 
If  it  be  fufpended  therein,  it  will  lofe  as  much  of 
what  is  weighed  in  air,  as  its  bulk  of  the  fluid 
weighs.  Hence,  all  bodies  of  equal  bulks,  which 
would  fink  in  fluids,  lofe  equal  weights  when 
fufpended  therein.  And  unequal  bodies  lofe  in 
proportion  to  their  bulks. 

The  hy-  The  hydrojtatic  balance  differs  very  little 
droftattc  from  a COmmon  balance  that  is  nicely  made  : 
a ance‘  only  it  has  a hook  at  the  bottom  of  each  fcale, 
on  which  fmall  weights  may  be  hung  by  horfe- 
hairs,  or  by  filk  threads.  So  that  a body,  fuf- 
pended by  the  hair  or  thread,  may  be  immerfed 
in  water  without  wetting  the  fcale  from  which  it 
hangs= 

How  to  If  the  body  thus  fufpended  under  the  fcale, 
find  the  at  one  end  of  the  balance,  be  firft  counterpoiled 
fpecific  j,n  ajr  by  weights  in  the  oppofite  fcale,  and  then 
fn^bod  immerfed  into  water,  the  equilibrium  will  be  im- 
any  o y.  mecj-atejy  deftroyed.  Then,  if  as  mucl)  weight 
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be  put  into  the  fcale  from  which  the  body  hangs, 
as  will  reftore  the  equilibrium  (without  altering 
the  weights  in  the  oppofite  fcale^  that  weight, 
which  reftores  the  equilibrium,  will  be  equal  to 
the  weight  of  a quantity  of  water  as  big  as  the 
immerfed  body.  And  if  the  weight  of  the  body 
in  air  be  divided  by  what  it  lofes  in  water,  the 
quotient  will  fhew  how  much  that  body  is  hea- 
vier than  its  bulk  of  water.  Thus,  if  a guinea 
fufpended  in  air,  be  counterbalanced  by  129 
grains  in  the  oppofite  fcale  of  the  balance  ; and 
then,  upon  its  being  immerfed  in  water,  it  be- 
comes fo  much  lighter,  as  to  require  grains 
put  into  the  fcale  over  it,  to  reftore  the  equili- 
brium, it  fhews  that  a quantity  of  water,  of 
equal  bulk  with  the  guinea,  weighs  7f  'grains, 
or  7.25;  by  which  divide  129  (the  weight  of 
the  guinea  in  air)  and  the  quotient  will  be 
17.793  ; which  fhews  that  the  guinea  i a 17.793 
times  as  heavy  as  its  bulk  of  water.  And  thus, 
any  piece  of  gold  may  be  tried,  by  weighing  it 
firft  in  air,  and  then  in  water  ; and  if  upon 
dividing  the  weight  in  air  by  the  lofs  in  water, 
the  quotient  comes  out  to  be  17.793,  the  gold 
is  good  ; if  the  quotient  be  1 8,  or  between  1 8 
and  19,  the  gold  is  very  fine ; but  if  it  be  lefs 
than  1 7,  the  gold  is  too  much  allayed,  by  being 
mixed  with  fome  other  metal. 

If  filver  be  tried  in  this  manner,  and  found 
to  be  1 1 times  as  heavy  as  water,  it  is  very 
fine  ; if  it  be  iof  times  as  heavy,  it  is  ftandard; 
but  if  it  be  of  any  lefs  weight  compared  with 
water, , it  is  mixed  with  fome  lighter  metal,  fuch 
as  tin. 

By  this  method,  the  fpecific  gravities  of  all 
bodies  that  will  fink  in  water,  may  be  found. 
JBut  as  to  thofe  which  are  lighter  than  water,  as 
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moft  forts  of  wood  are,  the  following  method 
may  be  taken,  to  (hew  how  much  lighter  they 
are  than  their  refpeftive  bulks  of  water. 

Let'an  upright  ftud  be  fixed  into  a thick  flat 
piece  of  brafs,  and  in  this  ftud  let  a fmall  lever, 
whofe  arms  are  equally  long,  turn  upon  a fine 
pin  as  an  axis.  Let  the  thread  which  hangs 
from  the  fcale  of  the  balance  be  tied  to  one  end 
of  the  lever,  and  a thread  from  the  body  to  be 
weighed,  tied  to  the  other  end.  This  done, 
put  the  brafs  and  lever  into  a veflel,  then  pour 
water  into  the  veflel,  and  the  body  will  rife  and 
float  upon  it,  and  draw  down  the  end  of  the 
balance  from  which  it  hangs  ; then,  put  as  much 
weight  in  the  oppofite  fcale  as  will  raife  that  end 
of  the  balance,  fo  as  to  pull  the  body  down  into 
the  water  by  means  of  the  lever;  and  this  weight 
in  the  fcale  will  fhew  how  much  the  body  is 
lighter  than  its  bulk  of  water. 

There  are  fome  things  which  cannot  be 
weighed  in  this  manner,  fuch  as  quickfilver, 
fragments  of  diamonds,  &c.  becaufe  they  can- 
not be  fufpended  in  threads  ; and  muft  therefore 
be  put  into  a glafs  bucket,  hanging  by  a thread 
from  the  hook  of  one  fcale,  and  counterpoifed 
by  weights  put  into  the  oppofite  fcale.  Thus, 
fuppofe  you  want  to  know  the  fpecific  gravity 
of  quickfilver,  with  refpedt  to  that  of  water ; let 
the  empty  bucket  be  firft  counterpoifed  in  air, 
and  then  the  quickfilver  put  into  it  and  weighed. 
Write  down  the  weight  of  the  bucket,  and  alfo 
of  the  quickfilver  ; which  done,  empty  the 
bucket,  and  let  it  be  immerfed  in  water  as  it 
hangs  by  the  thread,  and  counterpoifed  therein 
by  weights  in  the  oppofite  fcale  : then,  pour 
the  quickfilver  into  the  bucket  in  the  water, 
which  will  caufe  it  to  preponderate  ; and  put  as 
a much 
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much  weight  into  the  oppofite  fcale  as  will  re- 
ftore  the  balance  to  an  equipoife and  this 
weight  will  be  the  weight  of  a quantity  of  water 
equal  in  bulk  to  the  quickfilver.  Laftly,  divide 
the  weight  of  the  quickfilver  in  air,  by  the 
weight  of  its  bulk  of  water,  and  the  quotient 
will  fhew  how  much  the  quickfilver  is  heavier 
than  its  bulk  of  water. 

If  a piece  of  brafs,  glafs,  lead,  or  filver,  be  im- 
merfedand  fufpendedin  different  forts  of  fluids, 
the  different  Ioffes  of  weight  therein  will  fhew 
how  much  it  is  heavier  than  its  bulk  of  the  fluid  ; 
the  fluid  being  lighted  in  which  the  immerfed 
body  lofes  leaf!:  of  its  aerial  weight.  A folid 
bubble  of  glafs  is  generally  ufed  for  finding  the 
fpecific  gravities  of  fluids. 

Hence  we  have  an  eafy  method  of  finding  the 
fpecific  gravities  both  of  folids  and  fluids,  with 
regard  to  their  fpecific  bulks  of  common  pump 
water,  which  is  generally  made  a ftandard  for 
comparing  all  others  by. 

In  conftrufting  tables  of  fpecific  gravities  with 
accuracy,  the  gravity  of  water  muff  be  repffe- 
fented  by  unity  or  j.ooo,  where  three  cyphers 
are  added,  to  give  room  for  expreffmg  the  ratios 
of  other  gravities  in  decimal  parts,  as  in  the 
following  table. 

N.  B.  Although  guinea  gold  has  been  gene- 
rally reckoned  17.798  times  as  heavy  as  its  bulk 
of  water,  yet,  by  many  repeated  trials,  I cannot 
fay  that  I have  found  it  to  be  more  than  17.200 
(or  17TVJ  as  heavy. 
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A Table  of  the  fpecific  gravities  of  feveral  folid 
and  fluid  bodies. 


A cubic  inch  of 
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weight. 

t,  voirdup. 
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rative 
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oz. 

pvv.  gr. 

>z. 
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- 

to 

7 

3-83 

II 

5.8° 

19.637 
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9 
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10 
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18.888 

Guinea  gold 
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9 

7 
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10 

4.76 

17-793 
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9 
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5 

1 1 

3 -36 

6 

i-54 

IO-535 

Copper 

- 

4 

J3 

7.04 

5 

1.89 

8.843 

Plate  brafs 

- 

4 

4 

9.60 

4 

10.09 

8.000 

Steel  - - 

- 

4 

2 

20.12 

4 

8.70 

7.852 

Iron 

- 

4 

0 

15.20 

4 

6.77 

7.645 

Blocktin  - ' 

3 

17 

,5.68 

4 

3-79 

7.321 

Speltar 

- 

3 

14 

12.86 

4 

1.42 

7.065 

Lead  ore 

- t 

3 

11 

17.76 

3 

14.96 

6.800 

Glafs  of  antimony 

2 

16.89 

3 

0.89 

5.280 

German  antimony 

2 

2 

4.80 

2 

5-°4 

4.000 

Copper  ore  - 

- 

2 

1 

11.83 

2 

4-43 

3-775 

Diamond 

- 

I 

IS 

20.88 

1 

15  48 

3.400 

Clear  glafs  - 

- 

I 

13 

5-58 

1 

I3-16 

3-»5° 

Lapis  lazuli 

- 

I 

12 

5-2  7 

1 

12.27 

3-054 

Welfh  afbeflos 

- 

I 

10 

17-57 

1 

10.97 

2-913 

White  marble 

- 

I 

8 

i3-4i 

1 

9.06 

2.707 

Black  ditto  - 

- 

I 

8 

12.65 

1 

9.02 

2.704 

Rock  cryftal 

- 

I 

8 

1. 00 

1 

8.6i 

2 658 

Green  glafs 

- 

I 

7 

I5-38 

1 

8.26 

2.620 

Cornelian  Hone 

I 

7 

1. 21 

1 

7-73 

2.568 

Flint  - - 

- 

I 

6 

19.63 

1 

7-53 

2.542 

Hard  paving  flone 

I 

S 

22.87 

1 

6.77 

2.460 

Live  fulphur 

- 

I 

1 

2.40 

1 

2.52 

2.0C0 

Nitre  - - 

- 

I 

0 

1.08 

1 

i-59 

1.900 

ALbafter 

- 

O 

19 

18.74 

r 

i-35 

i-»75 

Dry  ivory 

- 

0 

19 

6.09 

1 

0.89 

1.825 

Brimitone 

1 

o 

18 

23.76 

1 

0.66 

1.800 

Alum  - - 

1 

0 

17 

21.92 

0 

15  72J 

1. 714 

The 
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The  Table  concluded. 


A cubic  inch  of 

Troy  weight. 

Avoirdup. 

Compa- 

rative 

weight. 

oz. 

pw.  gr. 

(>Z. 

drams. 

Ebony  - - 

O 

II 

18.82 

0 

IO.3 

1. 1 17 

Human  blood 

O 

II 

2.89 

0 

9-74 

I.054 

Amber  - 

O 

IO 

20.79 

0 

9-54 

I.030 

Cow’s  milk 

O 

IO 

20.79 

0 

. 9-54 

1.030 

Sea  water 

O 

IO 

20.79 

0 

' 9-54 

I.030 

Pump  water 

0 

IO 

0 

9.26 

I .OOO 

Spring  water 

O 

10 

y 

12.94 

0 

9-25 

0.999- 

Di {tilled  water  - 

O 

IO 

1 1.42 

0 

9.20 

°-993 

Red  wine 

0 

IO 

11.42 

0 

9.20 

°-993 

Oil  of  amber 

0 

IO 

7 -63 

0 

9.06 

0.978 

Proof  (pints 

O 

9 

1 9-73 

0 

8.62 

0.931 

Dry  oak. 

O 

9 

18.00 

© 

8.56 

0.925 

Olive  oil 

O 

9 

i5-!7 

0 

8.45 

0.913 

Pure  fpirits 

0 

9 

3*27 

0 

8.02 

0.866 

Spirit  of  turpentine 

0 

9 

2.76 

0 

7-99 

0.864 

Oil  of  turpentine 

0 

8 

8 -53 

0 

7-33 

0.772 

Dry  crabtree 

0 

8 

1.69 

0 

7.08 

0.765 

Saffafras  wood 

0 

5 

2.04 

0 

4.46 

0.482 

Cork  - - - 

0 

2 

12.77 

0 

2.21 

0.240 

Take  away  the  decimal  points  from  the  num- 
bers in  the  right-hand  column,  or  (which  is  the 
fame)  multiply  them  by  1000,  and  they  will  (hew 
how  many  avoirdupoife  ounces  are  contained  in 
a cubic  foot  of  each  body. 

The  ufe  of  the  table  of  fpecific  gravities  will  How  to 
bell  appear  by  an  example.  Suppofe  a body  to  find  out 
be  compounded  of  gold  and  filver,  and  it  is  re- t!ie  <luan' 
quired  to  find  the  quantity  of  each  metal  in  the  1 
compound.  tkni* 

Firft  find  the  fpecific  gravity  of  the  com-metak 
pound,  by  weighing  it  in  air  and  in  water,  and 
dividing  its  aerial  weight  by  what  it  lofes  there- 
of in  water,  the  quotient  will  {hew  its  fpecific 

gravity. 


16  o 


How  to 
try  fpi- 
rituous 
liquors. 
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gravity,  or  how  many  times  it  is  heavier  than 
its  bulk  of  water.  Then,  fubtrafl:  the  fpecific 
gravity  of  filver  ( found  in  the  table''  from  that 
of  the  compound,  and  the  fpecific  gravity  of  the 
compound  from  that  of  gold  ; the  firft  remainder 
fhews  the  bulk  of  gold,  and  the  latter  the  bulk 
of  filver,  in  the  whole  compound  : and  if  thefe 
remainders  be  multiplied  by  the  refpecfive  fpe- 
cific gravities,  the  products  will  fhew  the  pro- 
portion of  weights  of  each  metal  in  the  body. 
Example. 

Suppofe  the  fpecific  gravity  of  the  compound- 
ed body  be  13  ; that  of  ftandard  filver  (by  the 
table)  is  10.5,  and  that  of  gold  19.63  : therefore 
10.5  from  13,  remains  2.5,  the  proportional 
buik  of  the  gold;  and  13  from  19.63,  remains 
6.f>3  the  proportional  bulk  of  filver  in  the  com- 
pound.’ Then,  the  firft  remainder  2.5,  multi- 
plied by  19.63,  the  fpecific  gravity  of  gold,  pro- 
duces 49.075  for  the  proportional  weight  of 
gold  ; and  the  lafl  remainder  6.63  multiplied 
by  10.5,  the  fpecific  gravity  of  filver,  produces 
69.615  for  the  proportional  weight  of  filver  in 
the  whole  body.  So  that  for  every  49.07  ounces 
or  pounds  of  gold,  there  are  69.6  pounds  or 
ounces  of  filver  in  the  body. 

Hence  it  is  eafy  to  know  whether  any  fufpeffc- 
ed  metal  be  genuine,  or  allayed,  or  counterfeit ; 
by  finding  how  much  it  is  heavier  than  its  bulk 
of  water,  and  comparing  the  fame  with  the 
table  : if  they  agree,  the  metal  is  good  ; if  they 
differ,  it  is  allayed  or  counterfeited. 

A cubical  inch  of  good  brandy,  rum,  or  other 
proof  fpirits,  weighs  235.7  grains  : therefore,  if 
a true  inch  cube  of  any  metal  weighs  235.7 
grains  lefs  in  fpirits  than  in  air,  it  fhews  the 
lpirits  are  proof.  If  it  lofes  lels  of  its  aerial 

weight 
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weight  in  fpirits,  they  are  above  proof if  it  lofes 
more,  they  are  under.  For,  the  better  the 
fpirits  are,  they  are  the  lighter  ; and  the  worfe, 
the  heavier.  All  bodies  expand  with  heat,  and 
contract  with  cold,  but  fome  more  and  fome  lefs 
than  ethers.  And  therefore  the  fpecific  gravities 
of  bodies  are  not  precifely  the  fame  in  fummer 
as  in  winter.  It  has  been  found,  that  a cubie 
inch  of  good  brandy  is  ten  grains  heavier  in  win- 
ter than  in  fummer;  as  much  fpirit  of  nitre,  20 
grains ; vinegar  6 grains,  and  fpring  water  3. 

Hence  it  is  mod:  profitable  to  buy  fpirits  in 
winter,  and  fell  them  in  fummer,  fince  they  are 
always  bought  and  fold  by  meafure.  It  has 
been  found  that  32  gallons  of  fpirits  in  winter 
will  make  33  in  fummer. 

The  expanfion  *f  all.  fluids  is  proportionable 
to  the  degree  of  heat ; that  is,  with  a double  or 
triple  heat  a fluid  will  expand  two  or  three  times 
as  much. 

Upon  thefe  principles  depend  the  conflruc-  The  ther- 
tion  of  the  thermometer,  in  which  the  globe  or  mometer. 
bulb,  and  part  of  the  tube,  are  filled  with  a 
fluid,  which,  when  joined  to  the  barometer,  is 
fpirits  of  wine  tinged,  that  it  may  be  more  eafily 
feen  in  the  tube.  But  when  thermometers  are 
made  by  themfelves,  quickfilver  is  generally 
ufed. 

In  the  thermometer,  a fcale  is  fitted  to  the 
tube,  to  fhew  the  expanfion  of  the  quickfilver, 
and  confequently  the  degree  of  heat.  And,  as 
Fahrenheit’'  s fcale  is  molt  in  efteem  at  prefent,  I 
fhall  explain  the  conflrudlion  and  graduation  of 
thermometers  according  to  that  fcale. 

Firfl,  let  the  globe  or  bulb,  and  part  of  the 
tube,  be  filled  with  a fluid  ; then  immerfe  the 
bulb  in  water  juft  freezing,  or  fnow  jufl  thaw- 
ing 5 


/ 
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ing  ; and  even  with  that  part  of  the  fcale  where 
the  fluid  then  (lands  in  the  tube,  place  the  num- 
ber 32,  to  denote  the  freezing  point : then  put 
the  bulb  under  your  arm-pit,  when  your  body  is 
of  a moderate  degree  of  heat,  fo  that  it  may 
acquire  the  fame  degree  of  heat  wilh  your  (kin  : 
and  wl^en  the  fluid  has  rifen  as  far  as  it  can  by 
that  heat,  there  place  the  number  97  : then 
divide  the  fpace  between  thefe  numbers  into  65 
equal  parts,  and  continue  thofe  divifions  both 
above  97  and  below  32,  and  number  them  ac- 
cordingly. 

This  may  be  done  in  any  part  of  the  world  ; 
for  it  is  found  that  the  freezing  point  is  always 
the  fame  in  all  places,  and  the  heat  of  the  human 
body  differs  but  very  little  ; fo  that  the  thermo- 
meters made  in  this  manner  '"ill  agree  with  one 
another  ; and  the  heat  of  feveral  bodies  will  be 
ihewn  by  them,  and  exp  refled  by  the  numbers 
upon  the  fcale,  thus  : 

Air,  in  fevere  cold  weather,  in  our  climate, 
from  15  to  25.  Air  in  winter,  from  26  to  42. 
Air  in  fpring  and  autumn,  from  43  to  5 3.  Air 
at  midlummer,  from  65  to  68.  Extreme  heat 
of  the  fummer  fun,  from  86  to  100.  Butter 
juft  melting,  9 5.  Alcohol  boils  with  174  or*' 
175.  Brandy  with  190.  "Water  212.  Oil  of 
turpentine  550.  Tin  melts  with  408,  and  lead 
with  540.  Milk  freezes  about  30,  vinegar  38, 
and  blood  27.  N 

• A body  fpecifically  lighter  than  a fluid  will 
fwim  upon  its  furface,  in  fuch  a manner,  that  a 
quantity  of  the  fluid,  equal  in  bulk  with  the 
immerfed  part  of  the  body,  will  be  as  heavy  as 
the  whole  body.  Hence,  the  lighter  a fluid  is, 
the  deeper  a body  will  fink  in  it ; upon  which 

depends 
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depends  the  conflrudlion  of  the  hydrometer  or 
water- poife. 

From  this  we  can  eafily  find  the  weight  of  a How  th* 
fhip,  or  any  other  body  that  floats  in  water.  weight  of 
For,  if  we  multiply  the  number  of  cubic  feet  a lp, 
which  are  under  the  furface,  by  62.5,  the  number  Suted 
of  pounds  in  one  cubic  foot  of  frefh  water ; or  by 
64.4,  the  number  of  pounds  in  a cubic  foot  of 
fait  water;  the  product  will  be  the  weight  of  the 
fhip,  and  all  that  is  in  it.  For,  fince  it  is  the 
weight  of  the  fhip  that  difplaces  the  water,  it  mud 
continue  to  fink  until  ic  has  removed  as  much 
water  as  is  equal  to  it  in  weight;  and  therefore 
the  part  immerled  mull  be  equal  in  bulk  to.fuch 
a portion  of  the  water  as  is  equal  to  the  weieht 
of  the  whole  fhip.  5 

To  prove  this  by  experiment,  let  a ball  of 
[ome  light  wood,  fuch  as  fir  or  pear-tree,  be  put 
into  water  contained  in  a glafs  veffel ; and  let  the 
vefiel  be  put  into  a fcale  at  one  end  of  a balance, 
and  counterpoifed  by  weights  in  the  oppofire 
fcale  : then,  marking  the  height  of  the  water  in 
the  veffel,  take  out  the  ball;  and  fill  up  the  vef- 
fel  with  water  to  the  fame  height  that  it  flood  at 
^hen  the  ball  was  in  it,  and  the  fame  weigh 
Will  counterpoife  it  as  before. 

From  the  vtflel’s  being  filled  up  to  the  fame 
height  at  which  the  water  ftood  when  the  ball 
in  it  it  is  evident  ,hat  the  quantity  poured 
m is  eqna  m magnitude  to  the  immerfed  Date 
■of  the  ball : and  from  the  fame  weight  counter- 
po'fing,  It  is  plain  that  the  water  poured  in  s 
equal  m weight  to  the  whole  ball  ’ 

wInh,tr°IWe'Sht’  24  grains  make  a Penny- 
weight, 20  pennyweights  make  one  ounce  and 

2 r«s  a Pound-  In  avoirdupoife  weight 
16  drams  make  an  ounce,  and  ,6  ounces  a 

I^I  pound. 
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pound.  The  troy  pound  contains  5760  grains, 
and  the  avoirdupoife  pound  7CO0;  and  hence, 
the  avoirdupoife  dram  weighs  27.34375  grains, 
and  the  avoirdupoife  ounce  437.5. 

Becaufe  it  is  often  of  ufe  to  know  how  much 
any  given  quantity  of  goods  in  troy  weight  do 
make  in  avoirdupoife  weight;  and  the  reverfe  j 
we  fhall  here  annex  two  tables  for  converting 
thefe  weights  into  one  another.  Thofe  from 
page  135  to  page  146  are  near  enough  for  com- 
mon hydraulic  purpofes ; but  the  two  following 
are  better,  where  accuracy  is  required  in  com- 
paring the  weights  wuh  one  another : and  I 
find,  by  trial,  that  175  troy  ounces  are  precifely 
equal  to  192  avoirdupoife  ounces,  and  175  troy 
pounds  are  equal  to  144  avoirdupoife.  And 
although  there  are  feveral  lefier  integral  num- 
bers, which  come  very  near  to  agree  together, 
yet  I have  found  none  lefs  than  the  above  to 
agree  exa£Uy.  Indeed  41  troy  ounces  are  fo 
nearly  equal  to  45  avoirdupoife  ounces,  that  the 
latter  contains  only  7 \ grains  more  than  the  for- 
mer: and  45  troy  pounds  weigh  only  drams 
more  than  37  avoirdupoife. 

1 have  lately  made  a fcale  for  comparing  thefe 
weights  with  one  another,  and  (hewing  the  weight 
of  pump-water,  proof  fpirics,  pure  fpirits,  and 
guinea  gold,  taken  in  cubic  inches,  to  any  quan- 
tity lefs  than  a pound,  both  in  troy  and  avoirriu- 
poife ; only  by  Aiding  one  fide  of  a fquare  along 
the  fcale,  and  the  other  fide  eroding  it. 
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A Table  for  reducing  Troy  weight  into  Avoirdupoife  weight. 


Troy  Weight  reduced  into  Avoirdupoife . 


Troy  Weight. 


Ounces  — 


3 

2 

1 

1 1 
IO 

9 

8 

7 

6 

5 

4 
3 
2 

1 


Avoirdupoile. 

-Troy  Weight. 

Avoir. 

!b.  oz.  drams 

Drams. 

33291  6 1 3 .68 

Pennywt.  19 

16.67 

32528  9 2.26 

18 

>5-79 

31645  ri  6.84 

'17 

14.92 

3 822  13  11.42 

16 

14.04 

3 740  9 2.28 

*5 

13. 16 

3 658  4 9.14 

*4 

12.29 

3 576  0 0.0c 

53 

1 1. 41 

3 .493  ii  6.85 

12 

10-53 

3 411  6 23.71 

11 

9.65 

3 329  2 4.57 

10 

8.7b 

3 246  I3  II.42 

9 

7.90 

3 164  9 2.28 

8 

7.02 

3 82  4 9.I5 

7 

6. 14 

3 74  0 23-62 

6 

5.27 

65  I 3 4. 1 1 

5 

4-39 

57  9 9-6° 

4 

3-51 

49  5 15-08 

3 

2.63 

41  3 4-57 

2 

, I-?5 

32  14  10.05 

1 

.88 

24  10  15.54 

Grains  — 23 

.84 

16  7 5.03 

22 

.80 

8 3 10.52 

21 

•77 

7 6 7.86 

20 

•73 

6 9 5.21 

19 

.69 

5 12  2.56 

18 

.66 

4 r4  *5-9° 

17 

.62 

4 1 r3-25 

ib 

.58 

3 4 10.60 

*5 

■A 

2 7 7-951 

*4 

•5 1 

1 Ic  5-3° 

1 3 

■47 

13  2.65 

1 2 

■44 

12  1. 09 

1 1 

.40 

xo  15.54 

10 

■36 

9 13.99 

9 

•33 

8 12.43 

8 

.29 

7 10.88 

7 

.20 

6 9.32 

6 

.22 

5 7-77 

5 

.18 

4 6.22 
3 4-66 

4 

3 

•*5 
.1 1 

2 3. 11 

2 

.07 

. 1 M5 

— . 1 

.04 

M 2 
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A Tabic  for  reducing  Avoirdupoife  weight  into 
Troy  weight. 


Avoirdupoile 

weight. 

Troy  weight. 

Avoird. 

weight. 

Troy  we 

lght. 

lb.  oz.  pw. 

gr- 

lb.  oz.  pw.  gr. 

Pounds  6coc 

7291 

8 

0 

0 

Ounces  1 5 

1 1 

13 

10*50 

5000 

6076 

4 

*3 

8 

H 

1 0 

*5 

5 

4000 

4861 

1 

6 

16 

13 

1 1 

16 

23.50 

3000 

3645 

10 

0 

0 

12 

10 

1 8 

18 

2000 

z43° 

6 

13 

8 

1 1 

10 

0 

12.50 

1000 

1215 

3 

6 

16 

10 

9 

2 

7 

900 

1093 

9 

0 

0 

9 

8 

4 

1.50 

; 800 

972 

2 

*3 

8 

8 

7 

S 

zo 

700 

850 

8 

6 

16 

7 

6 

7 

14.5c 

6co 

729 

2 

0 

0 

6 

5 

9 

9 

500 

607 

7 

'3 

8 

5 

4 

1 1 

3-Sc 

400 

486 

1 

6 

16 

4 

3 

12 

22 

3 00 

364 

•n 

r 

0 

0 

3 

2 

14 

16.50 

200 

243 

0 

l3 

8 

2 

1 

it) 

1 1 

ioc 

121 

6 

6 

16 

1 

18 

5.50 

90 

109 

4 

10 

0 

Drams  15 

17 

2. 10 

80 

97 

2 

13 

8 

14 

22.7.6 

7C 

0 

16 

16 

13 

14 

19.42 

60 

72 

1 1 

0 

0 

12 

J3 

1 5..  08 

5° 

60 

.9 

3 

8 

1 1 

12 

12.74 

40 

48 

7 

6 

16 

10 

1 1 

9.4c 

3° 

36 

5 

10 

0 

9 

I 

10 

6.06 

20 

24 

3 

>3 

8 

8 

9 

2. 72 

10 

1 2 

1 

16 

16 

7 

8 

23-38 

9 

10 

1 1 

5 

0 

6 

7 

20.04 

8 

9 

8 

*3 

S 

5 

6 

16.7c 

7 

8 

6 

1 

16 

5 

l3-56 

6 

7 

3 

10 

0 

3 

3 

10.02 

5 

6 

0 

18 

8 

2 

2 

6.6  k 

4 

4 

10 

6 

l6 

] 

1 

3-34 

3 

3 

7 

15 

0 

3 

‘4 

20.51 

2 

2 

5 

3 

8 

I 

Jl 

1 3-67 

1 

t 

2 

1 1 

16 

5. 

4 

i ' 


Avoir dupoije  Weight  reduced  into  Troy. 

The  two  following  examples  will  be  fufficient 
to  explain  thefc  two  tables,  and  fliew  their  agree- 
ment. 


Ex.  I.  In  68 35 pounds  6 ounces  9 pennyweights 
6 grains  Troy}  £hi.  How  much  Avoir  dupoije 
weight  ? (See  page  165.) 
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Ex.  II.  5624  pounds  10  ounces  12  drams 
Avoirdupoife , ZAw  Troy  weight  f (See 

page  166.)  ' v 

Troy. 


lb. 

oz. 

pw. 

gr. 

• „ r 

COCO 

6076 

4 

1 } 

8 

Pounds  | 

600 

729 

2 

J 

0 

O 

avoird.  “j 

20 

24 

3 

*3 

8 

L 

4 

4 

10 

6 

16 

oz. 

dr. 

10 

12 

9 

2 

»3 

7 

15.08 

Anfwer  | 6835  6 9 6.08 


M3 


LEC  T, 


1 68 


Of  Pneumatic t. 


LECT.  VI. 


Of  Pneumatics. 


THIS  fcience  treats  of  the  nature,  weight,' 
preffure,  and  -fpring  of  the  air,  and  the 
effects  arifing  therefrom. 

The  pro-  The  air  ^iaC  thin  tranfparent  fluid  body  in 
perties  of  which  we  live  and  breathe.  It  encompaffes  the 
air.  whole  earth  to  a confiderable  height ; and,  toge- 
ther with  the  clouds  and  vapours  that  float  there- 
in, it  is  called  the  atmofphere.  The  air  isjuftly 
reckoned  among  the  number  of  fluids,  becaufe 
it  has  all  the  properties  by  which  a fluid  is  dif- 
tinguifhed.  For,  it  yields  to  the  lead:  force 
impreffed,  its  parts  are  eafily  moved  among  one 
another,  it  preffes  according  to  its  perpendicular 
height,  and  its  preflfure  is  every  way  equal. 

That  the  air  is  a fluid,  confifting  of  fuch 
particles  as  have  no  cohefion  between  them,  but 
eafily  glide  over  one  another,  and  yield  to  the 
flighted:  impreflion,  appears  from  that  eafe  and 
freedom  with  which  animals  breathe  in  it,  and 
move  through  it  without  any  difficulty  or  fenfible 
refiftance.  * # 

But  it  differs  from  all  other  fluids  in  the  foqr 
following  particulars:  i.  It  can  be  compreflTed 
into  a much  lefs  fpace  thah  what  it  naturally 
poflefles,  which  no  other  fluid  can.  2.  It  cannot 
be  congealed  or  fixed,  as  other  fluids  may.  3.  It 
is  of  a different  denfity  in  every  part,  upward 
from  the  earth’s  lurface,  decreafing  in  its  weight, 
bulk  for  bulk,  the  higher  it  rifes  j and  therefore 
mult  alfo  decre^fe  in  denfity.  4.  It  is  of  an 

elaftic 
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elaftic  or  fpringy  nature,  and  the  force  of  its 
ipring  is  equal  to  its  weight. 

That  air  is  a body,  is  evident  from  its  exclud- 
ing all  other  bodies  out  of  the  fpace  it  poflcftes : 
for,  if  a glafs  jar  be  plunged  with  its  mouth  down- 
ward into  a vefiel  of  water,  there  will  but  very 
little  water  get  into  the  jar,  becaufe  the  air  'of 
which  it  is  full  keeps  the  water  out. 

As  air  is  a body,  it  muft  needs  have  gravity 
or  weight : and  that  it  is  weighty,  is  demon- 
ftrated  by  experiment.  For,  let  the  air  be  taken 
out  of  a vefiel  by  means  of  the  air  pump,  then, 
having  weighed  the  vefiel,  let  in  the  air  again, 
and  upon  weighing  it  when  re-filled  with  air,  it 
will  be  found  confiderably  heavier.  Thus,  a 
bottle  that  holds  a wine  quart,  being  emptied  of 
air  and  weighed,  is  found  to  be  about  1 6 grains 
lighter  than  when  the  air  is  let  into  it  again  ; 
which  fhews  that  a quart  of  air  weighs  1 6 grains. 
But  a quart  of  water  weighs  14621  grains ; this 
divided  by  16,  quotes  914  in  round  numbers ; 
which  fhews,  that  water  is  914  times  as  heavy  as 
air  near  the  furface  of  the  earth. 

As  the  air  rifes  above  the  earth’s  furface,  it 
grows  rarer,  and  conjequently  lighter,  bulk  for 
bulk.  For,  becaufe  it  is  of  an  elaftic  or  fpringy 
nature,  and  its  lowermoft  parts  are  prefied  with 
the  weight  of  all  that  is  above  them,  it  is  plain 
that  the  air  muft  be  more  denfe  or  compadt  at 
the  earth’s  furface*  than  at  any  height  above  it  1 
and  gradually  rarer  the  higher  up.  For,  the 
denfity  of  the  air  is  always  as  the  force  that 
comprefies  it ; and  therefore,  the  air  toward  the 
upper  parts  of  the  atmoiphere  being  lefs  prefifed 
than  that  which  is  near  the  earth,  it  will  expand 
itfelf,  and  thereby  become  thinner  than  at  the 
earth’s  furface. 
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Dr.  Cotes  has  demonftrated,  that  if  altitudes 
in  the  air  be  taken  in  arithmetical  proportion, 
the  rarity  of  the  air  will  be  in  geometrical  pro- 
portion. For  inftaace, 
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And  hence  it  is  eafy  to  prove  by  calculation, 
that  a cubic  inch  of  fuch  air  as  we  breathe,  would 
be  fo  much  rarefied  at  the  altitude  of  500  miles, 
that  it  would  fill  a hollow  fphere  equal  in  diame- 
ter to  the  orbit  of  Saturn. 

The  weight  or  pre fibre  of  the  air  is  exattly 
determined  by  the  following  experiment. 

Take  a glafs  tube  about  three  feet  long,  and 
open  at  one  end ; fill  it  with  quickfilvcr,  and 
putting  your  finger  upon  the  open  end,  turn  that 
■ end  downward,  and  immerfe  it  into  a fimall 

vcfiel 
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vefiel  of  quickfilver,  without  letting  in  anv  air : 
then  take  away  your  finger;  and  the  quickfilver 
will  remain  fufpended  in  the  tube  294.  inches 
above  its  furface  in  the  vefiel ; fometimes  more, 
and  at  other  times  lefs,  as  the  weight  of  the  air 
is  varied  by  winds  and  other  caufes.  That  the 
quickfilver  is  kept  up  in  the  tube  by  the  prefilire 
of  the  atmofphere  upon  that  in  the  bafon,  is 
evident ; for,  if  the  bafon  and  tube  be  put  under 
aglafs,  and  the  air  be  then  taken  out  of  the  glafs, 
all  the  quickfilver  in  the  tube  will  fall  down  into 
the  balon  ; and  if  the  air  be  let  in  again,  the 
quickfilver  will  rife  to  the  fame  height  as  before. 
Therefore  the  air’s  preflure  on  the  lurface  of  the 
eartn,  is  equal  to  the  weight  of  294-  inches  depth 
of  quickfilver  all  over  the  earth’s  furface,  at  a 
mean  rate. 

A fquare  colamn  of  quickfilver,  294-  inches 
high,  and  one  inch  thick,  weighs  juft  ic 
pounds,  which  is  equal  to  the  prefibre  of  air 
upon  every  fquare  in,ch  of  the  earth’s  furface  ; 
and  144  times  as  much,  or  2160  pounds,  upon 
every  fquare  foot ; becaufe  a fquare  foot  con- 
tains 144  fquare  inches.  At  this  rate,  a middle- 
u zed  man,  whofe  furface  may  be  about  14  fquare 
feet,  fu  ft  a ins  a prefibre  of  30240  pounds,  when 
tne  air  is  of  a mean  gravity  j a prefibre  which 
would  be  infupportable,  and  even  fatal  to  us, 
were  it  not  equal  on  every  part,  and  counterba- 
anetd  by  the  fprmg  of  the  air  within  us,  which 
is  diffuled  through  the  whole  body  j and  re- 

preffure'  ' " 1 ^orce  a=au'^  'be  outward 
roU^dW’  fiTe  ^ earth’s  furfa«  contains  (in 

and  tvfrv^nCrS)  200’000>000  fquare  miles, 

there  mud  ^Uaie  nilic  27, 878,400  fquare  feet, 

there  mult  oe  5,575,680,000,000,000  iquare 
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feet  on  the  earth’s  furface  ; w hich  multiplied  by 
2160  pounds  (the  preflure'on  each  fquare  foot) 
gives  12,043,408,800,000,000,000  pounds  for 
the  preffiire  or  weight  of  the  whole  atmo- 
iphere. 

When  the  end  of  a pipe  is  immerfed  in  water, 
and  the  air  is  taken  out  of  the  pipe,  the  water 
will  rife  in  it  to  the  height  of  33  feet  above 
the  furface  of  the  water  in  which  it  is  immeried  j 
but  will  go  no  higher ; for  it  is  found,  that  a 
common  pump  wid  draw  w-^ter  no  higher  than 
jj  feet  above  the  furface  of  the  well : and  unlefs 
the  bucket  goes  within  tjiat  diftance  'from  the 
well,  the  water  will  never  get  above  it.  Now, 
as  it  is  the  preflure  of  the  atmofphere,  on  the 
furface  of  the  water  in  the  well,  that  caufes  the 
water  to  afeend  in  the  pump,  and  follow  the 
piflon  or  bucket,  when  the  air  above  it  is  lifted 
up  j it  is  evident,  that  a column  of  water  33 
feet  high,  is  eqpal  in  weight  to  a column  of 
quickfilver  of  the  fame  diameter,  29^  inches 
high  and  to  as  thick  a column  of  air,  reach- 
ing from  the  earth's  furface  to  the  top  of  the 
atmofphere. 

The  laro - In  ferene  calm  weather,  the  air  has  weight 

meter.  enough  to  fupport  a column  of  quickfilver  31 
inches  high  ; but  in  tempeftuous  ftormy  weather, 
not  above  28  inches.  The  quickfilver,  thus 
fupported  in  a glafs  tube,  is  found  to  be  a nice 
counterbalance  to  the  weight  or  preflure  of  the 
air,  and  to  fhew  its  alterations  at  different  times. 
.And  being  now  generally  ufed  to  denote  the 
changes  in  the  weight  of  the  air,  and  of  the 
weather  confequcnt  upon  them,  it  is  called  the 
barometer , or  weather-glafs. 

The  prelluie  of  the  air  being  equal  on  all 
fults  of  a body  expoled  to  it,  the  fofteft  bodies 
4 fuff  airy 
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fuftain  this  prefiure,  without  fuftering  any  change 
in  their  figure,  and  fo  do  the  moft  brittle  bodies 
without  being  broke. 

The  air  is  rarefied,  or  made  to  fwell  with  heat;  The  caufe 
and  of  this  property,  wind  is  a neceffary  confe-  of  wmdt. 
quence.  For,  when  any  part  of  the  air  is  heated 
by  the  fun,  or  otherwife,  it  will  fwell,  and  thereby 
afreet  the  adjacent  air ; and  fo,  by  various  de- 
grees of  heat  in  different  places,  there  will  arife 
various  winds. 

When  the  air  is  much  heated,  it  will  afeend 
toward  the  upper  part  of  the  atmofphere,  and  the 
adjacent  air  will  rufh  in  to  fupply  its  place  ; and 
therefore,  there  will  be  a ftream  or  current  of 
air  from  all  parts  toward  the  place " where  the 
heat  is.  And  hence  we  lee  the  reafon  why  the 
air  ruffes  willy fuch  force  into  a glafs-houfe,  or 
toward  any  place  where  a great  fire  is  made. 

And  alfo,  why  fmoke  is  carried  up  a chimney, 
and  why  the  air  ruffes  in  at  the  key-hole  of  the 
door,  or  any  fmall  chink,  when  there  is  a fire  in 
the  room.  So  we  may  take  it  in  general,  that 
the  air  will  prefs  toward  that  part  of  the  world 
where  it  is  mod  heated. 

Upon  this  principle,  we  can  eafily  account  for  The  trade 
the  trade-winds , which  blow  conftantly  from  eaft:  winds. 
to  weft  about  the  equator.  For,  when  the  fun 
ffunes  perpendicularly  on  any  part  of  the  earth, 
it  will  heat  the  air  very  much  in  that  part,  which 
air  will  therefore  rife  upward,  and  when  the  fun 
withdraws,  the  adjacent  air  will  ruff  in  to  fill  its 
. place  ; and  confequently  will  caufe  a ftream  or 
current  of  air  from  all  parts  toward  that  which 
is  moft  heated  by  the  fun.  But  ns  the  fun,  with 
reipede  to  the  earth,  moves  from  eaft  to  weft- 
the  common  courfe  of  the  air  will  be  that  way 
too;  continually  prefling  after  the  fun:  and 

•-  therefore, 
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therefore,  at  the  equator,  where  the  fun  fhines 
ftrongly  ; there  will  be  a continual  wind  from 
the  eaft  ; but,  on  the  north-fide,  it  will  incline  a 
little  to  the  north,  and  on  the  fouth  fide,  to  the 
fourh. 

This  general  courfe  of  the  wind  about  the 
equator,  is  changed  in  feveral  places,  and  upon 
feveral  accounts]  as,  i.  By  exhalations  that  rife 
out  of  the  earth  at  certain  times,  and  from  cer- 
tainplacesj  in  earthquakes,  and  from  volcanoes. 

2.  By  the  falling  of  great  quantities  of  rain, 
caufing  thereby  a fudden  condenfation  or  con- 
traction of  the  air.  3.  By  burning  fands,  that 
often  retain  the  folar  heat  to  a degree  incredible 
to  thofe  who  have  not  felt  it,  caufing  a more 
than  ordinary  rarefaction  of  the  air  contiguous 
to  them.  4.  By  high  mquntains,  which  alter 
the  direction  of  the  winds  in  (hiking  againft 
them.  5.  By  the  declination  of  the  fun  toward 
the  north  or  fouth,  heating  the  air  on  the  north 
or  fouth  fide  of  the  equator. 

The  men-  To  thefe  and  fuch  like  caufes  is  owing,  1.  The 
foons.  irregularity  and  uncertainty  of  winds  in  climates 
diftant  from  the  equator,  as  in  moft  parts  of 
Europe.  2.  Thofe  periodical  winds,  called 
tnonfoons,  which  in  the  Indian  feas  blow  half  a 
year  one  way,  and  the  other  half  another. 

3.  Thofe  winds  which,  on  the  coaft  of  Guinea , 
and  on  the  weftern  coafts  oE America,  blow 
always  from  weft  to  eaft.  4.  The  lea  breezes, 
which,  in  hot  countries,  blow  generally  from 
fea  to  land,  in  the  day-time  ; and  the  land- 
breezes,  which  blow  in  the  night ; and,  in  (liort, 
all  thofe  ftorms,  hurricanes,  whirlwinds,  and 
irregularities,  which  happen  at  different  times 
and  places. 
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All  common  air  is  impregnated  with  a cer-  The  vivi- 
■ tain  kind  of  vivifying  fpirit  or  quality,  which  is  fyingfpirit 
neceflary  to  continue  the  lives  of  animals : and  ln  air* 
this,  in  a gallon  of  air,  is  fufficient  for  one  man 
during  the  fpace  of  a minute,  and  not  much 
longer. 

This  fpirit  in  air  is  deftroyed  by  pafllng 
through  the  lungs  of  animals : and  hence  it  is, 
that  an  animal  dies  foon,  after  being  put  under 
a vefTel  which  admits  no  frefh  air  to  come  to  it. 

This  fpirit  is  alfo  in  the  air  which  is  in  water ; 
for  fifh  die  when  they  are  excluded  from  frffh 
air,  as  in  a pond  that  is  clofely  frozen  over. 

And  the  little  eggs  of  infe&s,  ftopped  up  in  a 
glafs,  do  not  produce  their  young,  though  af- 
fifteci  by  a kindly  warmth.  The  feed  alfo  of 
plants  mixed  with  good  earth,  and  inclofed  in  a 
glafs,  will  not  grow. 

This  enlivening  quality  in'air,  is  alfo  deftroyed 
by  the  air’s  palling  through  fire;  particularly 
charcoal  fire,  or  the  flame  of  fulphur.  Hence, 
fmoking  chimneys  muft  be  very  unwholefome, 
efpecially  if  the  rooms  they  are  in  be  fmall  and 
clofe. 


Air  is  alfo  vitiated,  by  remaining  clofely  pent 
up  in  any  place  for  a confiderable  time;  or  per 
haps,  by  being  mixed  with  malignant  fteams 
and  particles  flowing  from  the  neighbouring  bo- 
dies: orlalily,  by  the  corruption  of  the  vivifying 
fpirit;  asm  the  holds  of  fhips,  in  oil-cifterns,  or 
wine-cellars,  which  have  been  fhut  for  a con- 
fiderable time.  The  air  in  any  of  them  is  fome- 
imes  fo  much  vitiated,  as  to  be  immediate  death 
to  any  animal  that  comes  into  it. 

damp  no?  “r  fP'^  is  called 

extin- 
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extinguifhes  flame,  and  deftroys  life.  The  dread- 
ful  effects  of  damps  are  fufficiently  known  to  fuch 
as  work  in  mines. 

If  part  of  the  vivifying  fpirit  of  air  in  any 
country  begins  to  putrefy,  the  inhabitants  of  that 
country  will  be  fubjeCt  to  an  epidemical  difeafe, 
which  will  continue  until  the  putrefaction  is  over. 
And  as  the  putrefying  fpirit  occafions  the  difeafe, 
fo  if  the  difeafed  body  contributes  toward  the 
putrefying  of  the  air,  then  the  difeafe  will  not 
only  be  epidemical,  but  peftilential  and  con- 
tagious. 

The  atmofphere  is  the  common  receptacle  of 
all  the  effluvia  or  vapours  arifmg  from  different 
bodies;  o t th&  fleams  and  fmoke  of  things  burnt 
or  melted  ; the  fogs  or  vapours  proceeding  from 
damp  watery  places ; and  of  the  effluvia  from 
fulphureous,  nitrous,  acid,  and  alkaline  bodies. 
In  fhort,  whatever  may  be  called  volatile,  rifes 
in  the  air  to  greater  or  lefs  heights,  according  to 
it*?  fpecific  gravity. 

Fermenta-  When  the  effluvia,  which  arife  from  acid  and 
tion,  alkaline  bodies,  meet  each  other  in  the  air, 
there  will  be  a ftrong  conflict  or  fermentation  be- 
tween them  i which  will  fometim^s  be  fo  great, 
as  to  produce  a fire  ; then  if  the  effluvia  be 
combuftible,  the  fire  will  run  from  one  part  to 
another,  juft  as  the  inflammable  matter  happens 
to  lie. 

Any  one  may  be  convinced  of  this,  by  mixing 
an  acid  and  an  alkaline  fluid  together,  as  the 
fpirit  of  nitre  and  oil  of  cloves  j upon  the  doing 
of  which,  a fudden  ferment,  with  a fine  flame, 
will  arife ; and  if  the  ingredients  be  very  pure 
and  ftrong,  there  will  be  a fudden  explofion. 
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dreadful  effe&s  of  thunder  and  lightning:  for  the 
effluvia  of  fulphureous  and  nitrous  bodies,  and 
others  that  may  rife  into  the  atmofphere,  will 
ferment  with  each  other,  and  take  fire  very  often 
of  themfelves  ; fometimes  by  the  afliftanc'e  of  the 
fun’s  heat. 

If  the  inflammable  matter  be  thin  and  light, 
it  will  rile  to  the  upper  part  of  the  at-mofphere, 
where  it  will  flafh  without  doing  any  harm  : but 
if  it  be  denfe,  it  will  lie  near  the  furfice  of  the 
earth,  where  taking  fire,  it  will  explode  with  a 
furprifing  force  ; and  by  its  heat  rarefy  and  drive 
away  the  air,  kill  men  and  cattle,  fplic  trees, 
walls,  rocks,  &c.  and  be  accompanied  with  ter- 
rible claps  of  thunder. 

The  heat  of  lightning  appears  to  be  quite 
different  from  that  of  other  fires;  for  it  has 
been  known  to  run  through  wood,  leather 
cloth,  &c.  without  hurting  them,  while  it  has 
broken  and  melted  iron,  fteel,  filver,  gold,  and 
other  hard  bodies.  Thus  it  has  melted  or  burnt 
afunder  a fword,  without  hurting  the  fcabbardj 
and  money  in  a man’s  pocket,  without  hurting 
his  cloaths : the  reafon  of  this  fee  ms  to  be,  that 
the  particles  of  that  fire  are  fo  fine,  as  to  pafs 
through  foft  loofe  bodies  without  diffolving 
them ; while  they  fpend  their  whole  force  upon 
the  hard  ones.  / r 

It  is  remarkable,  that  knives  and  forks  which 
have  been  ftruck  with  lightning  have  a very 
Itrong  magnetical  virtue  for  fcveral  years  after  * 
and  i have  heard  that  lightning  ftriking  upon 
he  manner’s  compafs,  will  fometimes  furn  it 
round;  and  often  make  it  ftand  the  contrary 

way,  the  north-pole  toward  the  fouch.  ^ 

Much  of  the  fame  kind  with  lightning  are  p- 
thofe  explofions,  called  fulminating  o*  fireTamps, 

which 
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which  fometimes  happen  in  mines;  and  are  oc- 
cafi'oned  by  fulphureous  and  nitrous,  or  rather 
oleaginous  panicles,  rifing  from  the  mine,  and 
mixing  with  the  air,  where  they  will  take  fire  by 
the  lightswhich  the  workmen  are  obliged  tnmake 
life  of.  The  fire  being  kindled,  will  run  from 
one  part  of  the  mine  to  another,  like'  a train  of 
gunpowder,  as  the  combuftible  matter  happens 
to  lie.  And  as  the  elafticity  of  the  air  is  in- 
creafed  by  heat,  that  in  the  mine  will  confe- 
quently  fwell  very  much,  and  fo,  for  want  of 
room,  will  explode  with  a greater  orlefs  degree 
of  force,  according  to  the  dcnfity  of  the  com- 
buftible vapours;  It  is  lbmetimes  fo  ftrong,  as 
to  blow  up  the  mine  ; and  at  other  times  fo 
weak,  that  when  it  has  taken  fire  at  the  flame  of 
a candle,  it  iseafily  blown  out. 

Air  that  will  take  fire  at  the  flame  of  a candle 
may  be  produced  thus : Having  exhaufted  a 
receiver  of  the  air-  pump,  let  the  air  run  into  it 
through  the  flame  of  the  oil  of  turpentine  ; then 
remove  the  cover  of  the  receiver,  and  holding  a 
caddie  to  that  air,  it  .will  take  fire,  and  bum 
quicker  or  flower,  according  to  the  denfity  of 
the  oleaginous  vapour. 

Earth - When  fuch  combuftible  matter,  as  is  above- 
guakes.  mentioned,  kindles  in  the  bowels  of  the  earth, 
where  there  is  little  or  no  vent,  it  produces  earth - 
quakes , and  violent  ftorms  or  hurricanes  of  wind 
when  it  breaks  forth  into  the  air. 

An  artificial  earthquake  may  be  made  thus : 
Taka  icor  15  pounds  of  fulphur,  and  as  much 
of  the  filings  of  iron,  and  knead  them  with 
common  water  into  the  confiftency  of  a pafte  : 
this  being  buried  in  the  ground,  will,  in  8 or 
10  hours  time,  burft  out  in  flames,  and  caule 
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the  earth  to  tremble  all  around  to  a confiderable 

diftance.  ' ' 

From  this  experiment  we  have  a very  natural 
account  of  the  fires  of  mount  Atria,  Vefuvius , 
and  other  volcanos,  they  being  probably  fet  on 
fire  at  firft  by  the  mixtufe  of  filch  metalline  and 
fulphureous  particles. 

The  air-pump  being  conftrucled  the  fame  way  The  ait* 
as  the  water-pump,  whoever  underftands  the  one,  PumP‘ 
will  be  at  no  lofs  to  underftand  the  other* 

Having  put  a wet  leather  on  the  plate  LL 
of  the  air-pump,  place  the  glafs  receiver  M F-  "u 
upon  the  leather,  fo  that  the  hole  i in  the  plate 
may  be  within  tlie  glafs.  Then,  turning  the 
handle  F backward  and  forward,  the  air  will  be 
pumped  out  of  the  receiver  ; which  will  then 
be  held  down  to  the  plate  by  the  preffure  of  the 
external  air,  or  atmofphere.  For,  as  the  handle 
F (Fig.  2.)  is  turned  backward,  it  raifes  the 
pifton  de  in  the  barrel  B K by  means  of  the 
wheel  E and  rack  D d : and,  as  the  pifton  is  lea- 
thered fo  tight  as  to  fit  the  barrel  exactly,  no 
air  can  get  between  the  pifton  and  barrel ; and 
therefore,  all  the  air  above  d in  the  barrel  is 
lifted  up  toward  B,  and  a vacuum  is  made  in 
the  barrel  from  b to  e ; upon  which,  part  of  the 
air  in  the  receiver  M (Fig.  i.)  by  its  fpring, 
rulhes  through  the  hole  i,  in  the  brafs  plate ' 

LL,  along  the  pipe  GG,  which  communicates 
with  both  barrels  by  the  hollow  trunk  IHK 
(Fig.  2.)  and  pufliing  up  the  valve  b , enters 
into  the  vacant  place  be  of  the  barrel  B K.  For, 
wherever  the  refiftance  or  prelfure  is  taken  off, 
the  air  will  run  to  that  place,  if  it  can  find  a 
palfage. — ‘Then,  if  the  handle  F be  turned 
forward,  the  pifton  de  will  be  depreffed  in  the 
barrel  j and,  as  the  air  which  had  got  into  the 
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barrel  cannot  be  pufhed  back  through  the  va Id 
b,  it  will  alcend  through  a hole  in  the  pifton 
and  efcape  through  a valve  at  d ; and  be  hin- 
dered by  that  valve  from  returning  into  the  bar- 
rel, when  the  pifton  is  again  raifed.  At  the 
next  railing  of  the  pifton,  a vacuum  is  again 
made  in  the  fame  manner  as  before,  between  b 
and  e ; upon  which,  more  of  the  air  that  was 
left  in  the  receiver  M,  gets  out  thence  by  its 
fpring,  and  runs  into  the  barrel  BK , through 
the  valve  B.  The  fame  thing  is  to  be  under- 
lined with  regard  to  the  other  barrel  AI;  and 
as  the  handle  F is  turned  backward  and  for- 
ward, it  alternately  raifes  and  depreffes  the  pif- 
tons  in  their  barrels  ; always  raifing  one  while 
it  depreffes  the  other.  And,  as  there  is  a va- 
cuum made  in  each  barrel  when  its  pifton  is 
raifed,  the  particles  of  air  in  the  receiver  M 
pufh  out  another  by  their  fpring  or  elafticity 
through  the  hole  i,  and  pipe  GG  into  the  bar- 
rels ; until  at  laft  the  air  in  the  receiver  comes  to 
be  fo  much  dilated,  and  its  fpring  fo  far  weak- 
ened, that  it  can  no  longer  get  through  the 
yalves  ; and  then  no  more  can  be  taken  out. 
Hence,'-  there  is  no  fuch  thing  as  making  a per- 
fect vacuum  in  the  receiver  ; for  the  quantity  of 
air  taken  out  at  an'y  one  ftroke,  will  always  be  as 
the  denfity  thereof  in  the  receiver : and  there- 
fore it  is  impoflible  to  take  it  all  out,  becaufe, 
fuppofing  the  receiver  and  barrels  of  equal  ca- 
pacity, there  will  be  always  as  much  left  as  was 
taken  out  at  the  laft  turn  of  the  handle. 

There  is  a cock  k below  the  pump-plate, 
which,  being  turned,  lets  the  air  into  the  receiver 
again  ; and  then  the  receiver  becomes  loofe,  and 
may  be  taken  off  the  plate.  The  barrels  are 
fixed  to  the  frame  Fee  by  two  ferew-nuts  ff. , 

which 
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Which  prefs  down  the  top-piece  E upon  the  bar- 
rels : and  the  hollow  trunk  H (in  big.  2.)  is  co- 
vered by  a box,  as  GH  in  Fig.  1. 

There  is  a glafs  tube  Immmn  open  at  both 
ends,  and  about  34  inches  long  ; the  upper  end 
communicating  with  the  hole  in  the  pump-plate, 
and  the  lower  end  immerfed  in  quickfilver  at  n 
in  the  veffel  N.  To  this  tube  is  fitted  a wooden 
ruler  m m,  called  the  gage , which  is  divided  into 
inches  and  parts  of  an  inch,  from  the  botom  at 
n (where  it  is  even  with  the  furface  of  the  quick- 
filver) and  continued  up  to  the  top,  a little  be- 
low /,  to  30  or  31  inches. 

As  the  air  is  pumped  out  of  the  receiver  M,  it 
is  likwife  pumped  out  of  the  glafs  tube  Imn, 
becaufe  that  tube  opens  into  the  receiver  through 
the  pump-plate  ; and  as  the  tube  is  gradually 
emptied  of  air,  the  quickfilver  in  the  veffel  N 
is  forced  up  into  the  tube  by  the  p refill  re  of  the  • 
atmofphere.  And  if  the  receiver  could  be  per- 
fectly exhaufted  of  air,  the  quickfilver  would 
ftand  as  high  in  the  tube  as  it  does  at  that  time 
in  the  barometer  : for  it  is  fupported  by  the  fame 
power  or  weight  of  the  atmofphere  in  both. 

The  quantity  of  air  exhaufted  out  of  the  re- 
ceiver on  each  turn  of  the  handle,  is  always  pro- 
portionable to  the  afcent  of  the  quickfilver  on 
that  turn  ; and  the  quantity  of  air  remaining  in 
the  receiver,  is  proportionable  to  the  defeCt  of 
the  height  of  the  quickfilver  in  the  gage,  from 
what  it  is  at  that  time  in  the  barometer. 

I fhall  now  give  an  account  of  the  experiments 
made  with  the  air-pump  in  my  lectures  ; fhew- 
' hig  the  refiftance,  weight,  and  elafticity  of  the 
i air.  • , 
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I.  To  fhew  the  refiftcince  of  the  air * 

Fig.  3.  1 . There  is  a little  machine,  confiding  of  two 

mills,  a and  h , which  are  of  equal  weights,  in- 
dependent of  each  other,  and  turn  equally  free 
on  their  axes  in  the  frame.  Each  mill  has  four 
thin  arms  or  fails,  fixed  into  the  axis  : thofe  of 
the  mill  a have  their  planes  at  right  angles  to  its 
axis,  and  thofe  of  b have  their  planes  parallel  to 
it.  Therefore,  as  the  mill  a turns  round  in  com- 
mon air,  it  is  but  little  refilled  thereby,  becaufe 
its  fails  cut  the  air  with  their  thin  edges : but 
the  mill  b is  much  redded,  becaufe  the  broad 
fides  of  its  fails  move  againft  the  air  when  it 
turns  round.  In  each  axle  is  a pin  near  the 
middle  of  the  frame,  which  goes  quite  through 
the  axle,  and  dands  out  a little  on  each  fide  of 
it : upon  thefe  pins  the  Aider  d may  be  made 
to  bear,  and  fo  hinder  the  mills  from  going,  when 
the  drong  fpring  c is  fet  on  bend  againd  the  op- 
pofite  ends  of  the  pins. 

Having  fet  this  machine  upon  the  pump- 
plate  LL  (Fig.  l.)  draw  up  the  Aider  d to  the 
pins  on  one  fide,  and  fet  the  fpring  c at  bend 
upon  the  oppofite  ends  of  the  pins  : then  pufh. 
down  the  Aider  d , and  the  fpring  acting  equally, 
drong  upon  each  mill,  will  fet  them  both  a- 
going  with  equal  forces  and  velocities : but  the  • 
mill  a will  run  much  longer  than  the  mill  b , 
becaufe  the  air  makes  much  lefs  refidance  againft 
the  edges  of  its  fails,  than  againft  the  fides  of 
the  fails  of  b. 

Draw  up  the  Aider  again,  and  fet  the  fpringi 
upon  the  pins  as  before ; then  cover  the  ma- ' 
chine  with  the  receiver  M upon  the  pump-' 
Fig  1.  plate,  and  having  exhaufted  the  receiver  of  air,  : 

pu& 
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pufh  down  the  wire  PP  ( through  the  collar  of 
leathers  in  the  neck  q)  upon  the  Aider ; which 
will  difengage  it  from  the  pins,  and  allow  the 
mills  to  turn  round  by  the  impulfe  of  the  fpring  : 
and  as  their  is  no  air  in  the  receiver  to  make  any 
fenfible  refiftance  again  A:  them,  they  will  both 
move  a confiderable  time  longer  than  they  did1 
in  the  open  air  j and  the  moment  that  one  flops, 
the  other  will  do  fo  too. — This  fhews  that  air  re- 
fills bodies  in  motion,  and  that  equal  bodies  meet 
with  different  degrees  of  refiftance,  according  as 
they  prefent  greater  or  lefs  furfaces  to  the  air,  in 
the  plains  of  their  motions. 

2.  Take  off  the  receiver  M , and  the  mills  ; Fig.  4, 
and,  having  put  the  guinea  a and  feather  b upon 
the  brafs  flap  c,  turn  up  the  flap  and  fliut  it  into 
the  notch  d.  Then,  putting  a wet  leather  over 
the  top  of  the  tail  receiver  A B (it  being  opein  both 
at  top  and  bottom),  cover  it  with  the  plate  C, 
from  which  the  guinea  and  feather  tongs  e d will 
then  hang  within  the  receiver.  This  done,  pump 
• the  air  out  of  the  receiver  ; and  then  draw  up 
the  wire  f a little,  which  by  a fquare  piece  on  its 
lower  end  will  open  the  tongs  e d ; and  the  flap 
falling  down  as  at  e,  the  guinea  and  feather  will 
defcend  with  equal  velocities  in  the  receiver, 
and  both  will  fall  upon  the  pump-plate  at  the 
fame  inftant.  N.  B.  In  this  experiment,  the  ob- 
fervers  ought  not  to  look  at  the  top,  but  at  the 
bottom  of  the  receiver ; in  order  to  fee  the  guinea 
and  feather  fall  upon  the  plate  ; otherwife  on  ac- 
count of  the  quicknefs  of  their  motion,  they  will- 
cfcape  the  fight  of  the  behqlders. 
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II.  To  Jhew  the  weight  of  the  air. 

1.  Having  fitted  a brafs  cap,  with  a valve 
tied  over  it,  to  the  mouth  of  a thin  bottle  or 
Florence  flafk,  whole  contents  are  exactly  known,  ' 
fcrew  the  neck  of  this  cap  into  the  hole  i of  the 
pump-plate  : then  having  exhaufied  the  air  out 
of  the  flafx,  and  taken  it  off  from  the  pump,  let 

it  be  fufpended  at  one  end  of  a balance,  and  nicely 
counterpoifed  by  weights  in  the  fcale  at  the  other 
end  : this  done,  raife  up  the  valve  with  a pin,  and 
the  air  will  rufh  into  the  flafk  with  an  audible 
noife  : during  which  time,  the  flafk  will  defcend 
and  pull  down  that  end.  of  the  beam.  When  the 
noife  is  over,  put  as  many  grains  into  the  fcale 
at  the  other  end  as  will  refiore  the  equilibrium  ; 
and  they  will  fhew  exaftly  the  weight  of  the 
quantity  of  air  which  has  got  into  the  flafk,  and 
filled  it.  If  the  flafk  holds  an  exaft  quart,  it 
will  be  found,  that  16  grains  will  reflore  the 
equipoife  of  the  balance,  when  the  quickfilver 
Hands  at  29!  inches  in  the  barometer : which 
fhews,  that  when  the  air  is  at  a mean  rate  of  den- 
fity,  a quart  of  it  weighs  1 6 grains  : it  weighs 
more  when  the  quickfilver  Hands  higher ; and 
lefs  when  it  Hands  lower. 

2.  Place  the  final  1 receiver  0 (Fig.  1.)  over 
the  hole  i in  the  pump-plate,  and  upon  exhaufiing 
the  air,  the  receiver  will  be  fixed  down  to  the 
plate  by  the  preffure  of  the  air  on  its  outfide, 
which  is  left  to  aft  alone,  without  any  air  in  the 
receiver  to  aft  againfl  it  : and  this  prefiure  will 
be  equal  to  as  many  times  1 5 pounds,  as  there 
are  fquare  inches  in  that  part  of  the  plate  which 
the  receiver  covers  ; which  will  hold  down  the 
receiver  fo  fafi,  that  it  cannot  be  got  off,  until 
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the"  air  be  let  into  it  by  turning  the  cock  k ; and 
then  it  becomes  loofe. 

3.  Set  the  little  glafs  AB  (which  is  open' at  Fig.  5. 
both  ends)  over  the  hole,  i upon  the  pump-plate 

L L , and  put  your  hand  clofe  upon  the  top  of  it 
at  B : then,  upon  exhaufting  the  air  out  of  the 
glafs,  you  will  find  your  hand  preffed  dowm  with 
a great  weight  upon  it : fo  that  you  can  hardly 
releafe  it,  until  the  air  be  re-admitted  into  the 
.glafs  by  turning  the  cock  k ; which  air,  by  adl- 
ing  as  flrongly  upward  ag thrift  the  hand  as  the 
external  air  afled  in  preffing  it  downward,  will 
releafe  the  hand  from  its  confinement. 

4.  Having  tied  a piece  of  wet,  bladder  b over  Fig.  6 „ 
the  open  top  of  the  glafs  A (which  is  alio  open  at 
bottom)  fet  it  to  dry,  arid  then  the  bladder  will 

be  tight  like  a drum.  Then  place  the  open  end 
A upon  the  pump-plate,  over  the  hole  i,  and 
begin  to  exhaufl  the  air  out  of  the  glafs.  As 
the  air  is  exhaufting,  its  fpring  in  the  glafs  will 
be -weakened,  and  give  way  to  the  preflure  of  the 
outward'air  on  the  bladder,  which,  as  it  is  preffed 
down,  will  put  on  a fpherical  concave  figure, 
which  will  grow  deeper  and  deeper,  until  the 
ftrength  of  the  bladder  be  overcome  by  the 
weight  of  the  air  ; and  then  it  will  burft  with  a 
report  as  loud  as  that  of  a gun. — If  a flat  piece 
of  glafs  be  laid  upon  the  open  top  of  this  re- 
ceiver, and  joined  to  it  by  a flat  ring  of  wet 
leather  between  them ; upon  pumping  the  air 
out  of  the  receiver,  the  preffure  of  the  outward 
air  upon  the  flat  glafs  will  break  it  to  pieces, 

5.  Immerfe  the  neck  c d of  the  hollow  glafs  Fig. 
ball  e b in  water,  contained  in  the  phial  a a ; then 
jet  it  upon  the  pump-plate,  and  cover  it  and  the 
hole  i with  the  clofe  receiver  A ; and  then  begin 
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to  pump  out  the  air.  As  the  air  goes  out  of  the 
receiver  by  its  fpring,  it  will  alfo  by  the  fame 
means  go  out  of  the  hollow  ball  e b , through  the 
neck  d r,  and  rife  up  in  bubbles  to  the  furface  of 
the  water  in  the  phial ; from  whence  it  will  make 
its  way,  with  the  reft,  of  the  air  in  the  receiver, 
through  the  air-pipe  G G and  valves  a and  b , into 
the  open  air.  When  it  has  done  bubbling  in 
the  phial,  the  ball  is  fufficiently  exhaufted  ; and 
then,  upon  turning  the  cock  k , the  air  will  get 
into  the  receiver,  and  prefs  fo  upon  the  furface 
of  the  water  in  the  phial,  as  to  force  the  water 
up  into  the  ball  in  a jet,  through  the  neck  c d ; 
and  will  fill  the  ball  almofl:  full  of  water.  The 
reafon  why  the  ball  is  not  quite  filled,  is  becaufe 
all  the  air  could  not  be  taken  out  of  it ; and  the 
fmall  quantity  that  was  left  in,  and  had  expanded 
itfelf  fo  as  to  fill  the  whole  ball,  is  now  condenfed 
into  the  fame  ftate  as  the  outward  air,  and  remaiiis 
in  a fmall  bubble  at  the  top  of  the  ball ; and  fo 
keeps  the  water  from  filling  that  part  of  the  ball. 
Fig.  8.  6. -Pour  fome  quickfilver  into  the  jar  D , and 

fet  it  on  the  pump-plate  near  the  hole  i ; then 
fet  on  the  tall  open  receiver  A B,  fo  as  to  be  over 
the  jar  and  hole  ; and  cover  the  receiver  with  the 
brafs  plate  C.  Screw  the  open  glafs  tube  fg 
(which  has  a brafs  top  on  it  at  h)  into  the  fyringe 
H , and  putting  the  tube  through  a hole  in  the 
middle  of  the  plate,  fo  as  to  immerfe  the  lowrer 
end  of  the  tube  e in  the  quickfilver  at  £),  fcrew 
the  end  h of  the  fyringe  into  the  plate.  This 
done,  draw  up  the  pifton  in  the  fyringe  by  the 
ring  /,  which  will  make  a vacuum  in  the  fyringe, 
below  the  pifton ; and  as  the  upper  end  of  the 
tube  opens  into  the  fyringe,  the  air  will  be  di- 
lated in  the  tube,  becaufe  part  of  it,  by  its  fpring, 

2 gets 
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gets  up  into  the  fyringe  ; and  the . fpring  of  the 
undulated  air  in  the  receiver,  a&ing  upon  the 
furface  of  the  quickfilver  in  the  jar,  will  force 
part  of  it  up  into  the  tube : for  the  quickfilver 
will  follow  the  pifton  in  the  fyringe,  in  the  fame 
way,  and  for  the  fame  reafon,  that  water  follows 
the  pifton  of  a common  pump  when  it  is  raifed 
in  the  pump-barrel ; and  this,  according  to  foine, 
is  done  by  fuftion.  But  to  refute  that  erroneous 
notion,  let  the  air  be  pumped  out  of  the  receiver 
A B , and  then  all  the  quickfilver  in  the  tube  will 
fall  down  by  its  own  weight  into  the  jar ; and  can- 
not be  again  raifed  one  hair’s  breadth  in  the  tube 
by  working  the  fyringe : which  fhews  that  fuc- 
tion  had  no  hand  in  raifing  die  quickfilver  ; and, 
to  prove  that  it  is  done  by  preffure,  let  the  air 
into  the  receiver  by  the  cock£  (Fig.  1.),  and  its 
action  upon  the  furface  of  the  quickfilver  in  the. 
jar  will  raife  it  up  into  the  tube,  although  the 
pifton  of  the  fyringe  continues  motionlefs. — If 
the  tube  be  about  32  or  33  inches  high,  the 
quickfilver  will  rife  in  it  very  near  as  high  as  it 
ftands  at  that  time  in  the  barometer.  And,  if 
the  fyringe  has  a fmall  hole,  as  m,  near  the  top 
of  it,  and  the  pifton  be  drawn  up  above  that  hole, 
the  air  will  rulh  through  the  hole  into  the  fy- 
ringe and  tube,  and  the  quickfilvbr  will  imme- 
diately fall  down  into  the  jar.  If  this  part  of  the 
apparatus  be  air-tight,  the  quickfilver  may  be 
pumped  up  into  the  tube  to  the  fame  height  that 
it  ftands  in  the  barometer ; but  it  will  go  no 
higher,  becaufe  then  the  weight  of  the  column 
of  quickfilver  in  thfc  tube  is  the  fame  as  the  weight 
of  a column  of  air,  of  the  fame  thicknefs  with  the 
quickfilver,  reaching  from  fhe  earth  to  the  top  of 
the  atmofphere, 

. • 7.  Having 
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Rg.  9.  7-  Having  placed  the  jar  A , with  fome  quick- 

filver  in  it,  on  the  pump-plate,  as  in  the  laft 
experiment,  cover  it  with  the  receiver  B ; then 
pufh  the  open  end  of  the  glafs  tube  de  through 
the  collar  of  leathers  in  the  brafs  neck  C (which 
it  fits  fo  as  to  be  air-tight)  almoft  down  to  the 
quicklilver  in  the  jar.  Then  exhaufl  the  air 
out  of  the  receiver,  and  it  will  alfo  come  out  of 
the  tube,  becaufe  the  tube  is  clofe  at  top.  When 
the  gauge  m m {hews  that  the  receiver  is  well 
exhaufted,  pufh  down  the  tube,  fo  as  to  immerfe 
its  lower  end  into  the  quickfilver  in  the  jar.  Nowr, 
although  the  tube  be  exhaufted  of  air,  none  of 
the  quickfdver  will  rife  into  it,  becaufe  there 
is  no  air  left  in  the  receiver  to  prefs  upon 
its  furface  in  the  jar.  But  let  the  air  into  the 
receiver  by  the  cock  k , and  the  quickfilver  will 
immediately  rife  in  the  tube  ; and  hand  as  high 
in  it,  as  it  was  pumped  up  in  the,  lafh  experi- 
ment. 

Both  thefe  experiments  drew,  that  the  quick- 
filver  is  fupported  in  the  barometer  by  the  pref- 
fure  of  the  air  on  its  furface  in  the  box,  in  which 
the  open  end  of  the  tube  is  placed.  And  that 
the  more  denfe  and  heavy  the  air  is,  the  higher 
does  the  quickfdver  rife  ; and,  on  the  contrary, 
the  thinner  and  lighter  the  air  is,  the  more  will 
the  quickfilver  fail.  For  if  the  handle  if7  be 
turned  ever  fo  little,  it  takes  fome  air  out  of  the 
receiver,  by  raifing  one  or  other  of  the  piftons  in 
its  barrel;  and  confequently,  that  which  remains 
in  the  receiver  is  fo  much  the  rarer,  and  has  lb 
much  the  lefs  fpring  and  weight ; and  thereupon, 
the,  quickfilver  falls  a little  in  the  tube : but 
upon  turning  the  cock,  and  re-admitting  the  air 
into  the  receiver,  it  becomes  as  weighty  as  be- 
fore, .and  the  quickfilver  rifes  again  to  the  fame 

height 
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height. — Thus  we  fee  the  reafon  why  the  quick- 
filver  in  the  barometer  falls  before  rain  or  l'now, 
and  rifes  before  fair  weather  ; for,  - in  the  former 
cafe,  the  air  is  too  thin  and  light  to  bear  up  the 
vapours,  and  in  the  latter,  too  denfe  and  heavy 
to  let  them  fall. 

N.  B.  In  all  mercurial  experiments  with  the 
air-pump,  a Ihort  pipe  muft  be  fcrewed  into  the 
hole  /,  fo  as  to  rife  about  an  inch  above  the  plate, 
to  prevent  the  quickfilver  from  getting  into  the 
air-pipe  and  barrels,  in  cafe  any  of  it  fhould  be 
accidentally  fpilt  over  the  jar  : for  if  it  once  gets 
into  the  pipes  or  barrels,  it  fpoils  them,  by  loofen- 
ing  the  folder,  and  corroding  the  brafs. 

8.  Take  the  tube  out  of  the  receiver,  and  put 

one  end  of  a bit  of  dry  hazel  branch,  about  an 
inch  long,  tight  into  the  hole,  and  the  other  end 
tight  into  a hole  quite  through  the  bottom  of  a 
fmall  wooden  cup : then  pour  forne  quickfilver 
into  the  cup,  and  exhauft  the  receiver  of  air,  and 
the  preffure  of  the  outward  air  on  the  furface 
of  the  quickfilver,  will  force  it  through  the  pores 
of  the  hazel,  from  whence  it  will  defcend  in  a 
beautiful  Ihower  into  a glafs  cup  placed  under 
the  receiver  to  catch  it.  / 

9.  Put  a wire  through  the  collar  of  leathers  in 
the  top  of  the  receiver,  and  fix  a bit  of  dry  wood 
on  the  end  of  the  wire  within  the  receiver ; then 
exhauft  the  air,  and  pulh  the  wire  down,  fo  as  to 
immerfe  the  wood  into  a jar  of  quickfilver,  on  the 

" pump-plate  ; this  done,  let  in  the  air,  and  upon 
taking  the  wood  out  of  the  jar,  and  fplitting  it, 
its  pores  will  be  found  full  of  quickfilver,  which 
the  force  of  the  air  upon  being  let  into  the  re- 
ceiver drove  into  the  wood. 

10.  Join  the  two  brafs  hemifpherical  cups  A IO 
and  B together,  with  a wet  leather  between  them,  i>’ 

having 
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having  a hole  in  the  middle  of  it ; then  fcrew  the 
end  D of  the  pipe  CD  into  the  plate  of  the 
pump  at  i,  and  turn  the  cock  E,  fo  as  the  pipe 
may  be  open  all  the  way  into  the  cavity  of  the 
hemifpheres  : then  exhauft  the  air  out  of  them, 
and  turn  the  cock  a quarter  round,  which  will 
fhut  the  pipe  C D , and  keep  out  the  air.  This 
done,  unfcrew  the  pipe  at  D from  the  pump  ; 
and  fcrew  the  piece  F h upon  it  at  D j and  let 
two  ftrong  men  try  to  pull  the  hemifpheres  afun- 
der  by  the  rings  g and  />,  which  they  will  find 
hard  to  do : for  if  the  diameter  of  thu  hemi- 
fpheres  be  four  inches,  they  will  be  prelfed  to- 
gether by  the  external  air  with  a force  equal  to 
1 90  pounds.  And  to  Ihew  that  it  is  the  prelfure 
of  the  aii*  that  keeps  them  together,  hang  them 
by  either  of  the  rings  upon  the  hook  P of  the 
wire  in  the  receiver  M (Fig.  1.)  and  upon  ex- 
hau fting  the  air  out  of  the  receiver,  they  will  fall 
afunder  of  themfelves. 

1 1 . Place  a fmall  receiver  0 (Fig.  1 .)  near  the 
hole  i on  the  pump-plate,  and  cover  both  it  and 
the  hole  with  the  receiver  M ; and  turn  the 
wire  fo  by  the  top  P , that  its  hook  may  take 
hold  of  the  little  receiver  by  a ring  at  its  top, 
allowing  that  receiver  to  Hand  with  its  own 
weight  on  the  plate.  Then,  upon  working  the 
pump,jhe  air  will  come  out  of  both  receivers ; 
but  the  large  one  M will  be  forcibly  held  down 
to  the  pump  by  the  prelfure  of  the  external  air  ; 
while  the  fmall  one  0,  having  no  air  to  prefs  up- 
on it,  will  continue  loofe,  and  may  be  drawn  up 
and  let  down  at  pleafure,  by  the  wire  P P.  But, 
upon  letting  it  quite  down  to  the  plate,  and  ad- 
mitting the  air  into  the  receiver  M,  by  the  cock 
k , the  air  will  prefs  fo  ftrongly  upon  the  fmall 
j-gceiver  0,  as  to  hx  it  down  to  ihe  plate } and  at 


Of  the  Air-Pump*  19$ 

the  fame  time  by  counterbalancing  the  outward 
preffure  on  the  large  receiver  M,  it  will  become 
loofe.  * This  experiment  evidently  {hews,  that 
the  receivers  are  held  down  by  preffure,  and 
not  by  fuftion ; for  the  internal  receiver  conti- 
nued loofe  while  the  operator  was  pumping,  and 
the  external  one  was  held  down  ; but  the  former 
became  faff  immediately  by  letting  in  the  air 
upon  it. 

12.  Screw  the  end  A of  the  brafs  pipe  A BP  Tig. 
into  the  hole  of  the  pump-plate,  and  turn  the 
cock  e until  the  pipe  be  open ; then  put  a wet 
leather  upon  the  plate  c d,  which  is  fixed  on  the 
pipe,  and  cover  it  with  the  tall  receiver  G H , 
which  is  clofe  at  top  : then  exhauft  the  air  out 
of  the  receiver,  and  turn  the  cock  e to  keep  it 
out ; which  done,  unfcrew  the  pipe  from  the 
pump,  and  fet  its  end  A into  a bafon  of  water, 
and  turn  the  cock  e to  open  the  pipe  ; on  which  y 
as  there  is  no  air  in  the  receiver,  the  preffure  of 
the  atmofphere  on  the  water  in  the  bafon  will 
drive  the  water  forcibly  through  the  pipe,  and 
make  it  play  up  in  a jet  to  the  top  of  the  re- 
ceiver. 

13.  Set  the  fquare  phial  A (Fig.  14.)  upon  the 
pump-plate,  and,  having  covered  it  with  the  wire 
cage  B , put  a clofe  receiver  over  it,  and  exhauft 
the  air  out  of  the  receiver ; in  doing  of  which, 
the  air  will  alfo  make  its  way  out  of  the  phial 
through  a fmall  hole  in  its  neck  under  the  valve 
h.  When  the  air  is  exhaufted,  turn  the  cock 
below  the  plate,  to  re-admit  the  air  into  the 
receiver : and  as  it  cannot  get  into  the  phial 
again,  becaufe  of  the  valve,  the  phial  will  be 
broke  into  fome  thoufands  of  pieces  by  the  pref- 
fure of  the  air  upon  it.  Had  the  phial  been 
of  a round  form  it  would  have  fuftained  this 

preffure 
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preflure  like  an  arch,  without  breaking  : but  as 
its  fides  are  flat,  it  cannot. 


i ■ „ 

To  Jhew  the  elajiicity  or  fp ring  of  the  air. 


Fig.  7. 


Fig.  11. 


14.  Tie  up  a very  fmall  quantity  of  air  in  a 
bladder,  and  put  it  under  a receiver;  then  exhaufl 
the  air  out  of  the  receiver ; and  the  fmall  quan- 
tity which  is  confined  in  the  bladder  (having  no- 
thing to  act  againft  it)  will  expand  itfelf  fo  by 
the  force  of  its  fpring,  as  to  fill  the  bladder  as- 
full  as  it  could  be  blown  of  common  air.  But 
upon  letting  the  air  into  the  receiver  again,  it 
will  overpower  the  air  in  the  bladder,  and  prefs 
its  fides  almofl  clofe  together. 

15.  If  the  bladder,  fo  tied  up,  be  put  into  a 
wooden  box,  and  have  20  or  30  pound  weight 
of  lead  put  upon  it  in  the  box,  and  the  box  be 
covered  with  a clofe  receiver  ; upon  exhaufting 
the  air  out  of  the  receiver,  that  air  which  is  con- 
fined in  the  bladder  will  expand  itfelf  fo,  as  to 
raiie  up  all  the  lead  by  the  force  of  its-  fpring. 

16.  Take  the  glafs  ball  mentioned  in  the  fifth 
experiment,  which  was  left  full  of  water  all  but 
a fmall  bubble  of  air  at  top,  and,  having  fet  it 
with  its  neck  downward  into  the  empty  phial  a a, 
and  covered  it  with  a clofe  receiver,  exhaufl  the 
air  out  of  the  receiver,  and  the  fmall  bubble  of 
air  in  the  top  of  the  ball  will  expand  itfelf  fo  as 
to  force  all  the  water  out  of  the  ball  into  the 
phial. 

17.  Screw  the  pipe  A B into  the  pump-plate, 
place  the  tall  receiver  G H upon  the  plate  c d , as 
in  the  twelfth  experiment,  and  exhaufl  the  air 
out  of  the  receiver  : then,  turn  the  cock  e to 
keep  out  the  air,  unfcrew  the  pipe  from  the 
pump,  and  fcrew  it  into  the  mouth  of  the  copper 

veffel 
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veflel  CCfFig!  15.),  tht  veflel  having  firft  been 
about  half  filled  with  water.  Then  open  the 
cock  e (Fig.  1 1 .),  and  the  fpring  of  the  air  which 
is  confined  in  the  copper  veflel  will  force  the 
water  up  through  the  pipe  A B in  a jet  into  the 
exhaufted  receiver,  as  ftrongly  as  it  did  by  its 
preflure  on  the  furface  of  the  water  in  a bafon, 
in  the  twelfth  experiment. 

18.  If  a fowl,  a cat,  rat,  moufe,  or  bird,  be 
put  under  a receiver,  and  the  air  be  exhaufted, 
the  animal  will  be  at  firft  opprefled  as  with  a 
great  weight,  then  grow  convulfed,  and  at  laft 
expire  in  all  the  agonies  of  a moft  bitter  arid 
cruel  death.  But  as  this  experiment  is  too 
fhocking  to  every  fpectator  who  has  the  leaft  de- 
gree of  humanity,  we  fubftitute  a rpachine  called 
the  lungs-glajs  in  place  of  the  animal. 

19.  If  a butterfly  be  fufpended  in  a receiver, 
by  a fine  thread  tied  to  one  of  its  horns,  it  will 
fly  about  in  the  receiver,  as  long  as  the  receiver 
continues  full  of  air  ; but  if  the  air  be  exhaufted 
though  the  animal  will  not  die,  and  will  continue 
to  flutter  its  wings,  it  cannot  remove  itfelf  from 
the  place  where  it  hangs  in  the  middle  of  the 
receiver,  until  the  air  be  let  in  again,  and  then  the 
animal  will  fly  about  as  before. 

20.  Pour  fome  quickftlver  into  the  fmall  bottle  Fig 
A , and  ferew  the  brafs  collar  c of  the  tube  B C 
into  the  brafs  neck  b of  the  bottle,  and  the  lower 
end  of  the  tube  will  be  immerfed  into  the  quick- 
silver, fo  that  the  air  above  the  quickfilver  in  the 
bottle  will  be  confined  there,  becaufe  it  cannot 
get  out  about  the  joinings,  nor  can  it  be  drawn 
out  through  the  quickfilver  into  the  tube.  This 
tube  is  alio  open  at  top,  and  is  to  be  covered  with 
the  receivei  G and  large  tube  E F , which  tube  is 
fixed  by  brafs  collars  to  the  receiver,  and  is  clofe 

at 
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at  the  top.  This  preparation  being  made,  ek- 
hauft  the  air  both  out  of  the  receiver  and  its 
tube  ; and  the  air  will  by  the  fame  means  be 
exhaufted  out  of  the  inner  tube  BC,  through 
its  open  top  at  C ; and  as  the  receiver  arid  tubes 
are  exhaufiing,  the  air  that  is  confined  in  the  glafs 
bottle  A will  prefs  fo  by  its  fpring  upon  the  fur- 
lace  of  the  quickfilver,  as  to  force  it  up  in  the 
inney  tube  as  high  as  it  was  raifed  in  the  ninth 
experiment  by  the  prefiure  of  the  atmofphere : 
which  demonftrates  that  the  fpring  of  the  air  is 
equivalent  to  its  weight. 

2 1 . Screw  the  end  C of  the  pipe  C D into  the 
hole  of  the  pump-plate,  and  turn  all  the  three 
cocks  d , G,  and  H,  fo  as  to  open  the  communi- 
cations between  all  the  three  pipes  E , F,  D , C, 
and  the  hollow  trunk  A B.  Then,  cover  the 
plates  g and  h with  wet  leathers,  which  have 
holes  in  their  middle  where  the  pipes  open  into 
the  plates ; and  place  the  clofe  receiver  I upon 
the  plate  g : this  done,  (hut  the  pipe  F by  turn- 
ing the  cock  if,  and  exhauft  the  air  out  of  the 
receiver  /.  Then,  turn  the  cock  d to  Ihut  out 
the  air,  unfcrew  the  machine  from  the  pump, 
and,  having  fcrewed  it  to  the  wooden  foot  L,  put 
the  receiver  K upon  the  plate  h ; this  receiver 
will  continue  loofe  on  the  plate  as  long  as  it 
keeps  full  of  air  ; which  it  will  do  until  the  cock 
H be  turned  to  open  the  Communication  between 
the  pipes  F and  E , through  the  trunk  A B ; and 
then  the  air  in  the  receiver  K,  having  nothing  to 
a & againfi:  its  fpring,  will  run  from  K into  /,  un- 
til it  be  fo  divided  between  thefe  receivers,  as  to 
be  of  equal  denfity  in  both ; and  then  they  will 
be  held  down  with  equal  forces  to  their  plates  by 
tjie  prefiure  of  the  atmofphere ; though  each 
receiver  will  then  be  kept  down  but  with  one 

half 
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half  of  preffure  upon  it,  that  the  receiver  I had, 
when  it  was  exhaufted  of  air  ; becaufe  it  has  now 
one  half  of  the  common  air  fn  it  which  filled  the 
receiver  K when  it  was  fet  upon  the  plate  ; and 
therefore  a force  equal  to  hair  the  force  of 
the  fpring  of  common  air,  will  ad  within  the 
receivers  againft  the  whole  preffure  of  the  com- 
mon air  upon  their  outfides.  This  is  called 
transferring  the  air  out  of  one  veffel  into  ano- 
ther. 

22.  Put  a cork  into  the  fquare  phial  A,  and  Fig.  14. 
fix  it  in  with  wax  or  cement ; put  the  phial  upon 

the  pump-plate  with  the  wire  cage  B over  it,  . 
and  cover  the  cage  with  a dole  receiver.  Then, 
exhauft  the  air  out  of  the  receiver,  and  the  air 
that  was  corked  up  in  the  phial  will  break  the 
phial  by  the  force  of  its  fpring,  becaufe  there  is  no 
air  left  on  the  outfide  of  the  phial  to  ad  againft 
the  air  within  it. 

23.  Put  a fhrivelled  apple  under  a clofe  re- 
ceiver, and  exhauft  the  air  ; then  the  fpring  of  the 
air  within  the  apple  will  plump  it  but,  fo  as  to 
caufe  all  the  wrinkles  to  difappear  ; but  upon 
letting  the  air  into  the  receiver,  again,  to  prefs 
upon  the  apple,  it  will  inftantly  return  to  its  for- 
mer decayed  and  fhrivelled  ft  ate. 

24.  Take  a frefh  egg,  and  cut  off  a little  of 
the  {hell  and  film  from  itsfmalleft  end,  then  put 
the  egg  under  a receiver,  and  pump  out  the' air ; 
upon  -which,  all  the  contents  in  the  egg  will  be 
forced  out  into  the  receiver,  by  the  expanfion  of 
a fmall  bubble  of  air  contained  in  the  great  end, 
between  the  {hell  and  film. 

25.  Put  fome  warm  beer  into  a glafs,  and  hav- 
ing fet  it  on  the  pump,  cover  it  with  a clofe  re- 
ceiver, and  then  exhauft  the  airi  While  this  is 
doing,  and  thereby  the  preffure  more  and  more 
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taken  off  from  the  beer  in  the  glafs,  the  air  there* 
in  will  expand  itfelf,  and  rife  up  in  innumerable 
bubbles  to  the  furface  of  the  beer  ; and  from 
thence  it  will  be  taken  away  with  the  other  air  in 
the  receiver.  When  the  receiver  is  nearly  ex- 
haufted,  the  air  in  the  beer,  which  could  not 
difentangle  itfelf  quick  enough  to  get  off  with 
the  reft,  will  now  expand  itfelf  fo,  as  to  caufe 
the  beer  to  have  all  the  appearance  of  boiling  ; 
and  the  greateft  part  of  it  will  go  over  the 
glafs. 

26.  Put  fome  warm  water  into  a glafs,  and  put 
a bit  of  dry  wainfcot  or  other  wood  into  the 
water.  Then,  cover  the  glafs  writh  a clofe  re- 
ceiver, and  exhauft  the  air  ; upon  which,  the  air 
in  the  wood  having  liberty  to  expand  itfelf,  will 
come  out  plentifully,  and  make  all  the  water  to 
bubble  about  the  wood,  efpecially  about  the 
ends,  becaufe  the  pores  lie  lengthwife.  A cubic 
inch  of  dry  wainfcot  has  fo  much  air  in  it,  that  it 
will  continue  bubbling  for  near  half  an  hour  to- 
gethet . 


Mifcellaneous  Experiments. 

27.  Screw  the  fyringe  H (Fig.  8.)  to  a piece 
of  lead  that  weighs  one  pound  at  leaft  ; and, 
holding  the  lead  in  one  hand,  pull  up  the  pifton 
in  the  fyringe  writh  the  other  ; then  quitting 
hold  of  the  lead,  the  air  will  puff  it  upward, 
and  drive  back  the  fyringe  upon  the  pifton. 
The  reafon  of  this  is,  that  the  drawing  up  of  the 
pifton  makes  a vacuum  in  the  fyringe,  and  the 
air,  which  preffes  every  way  equally,  having 
nothing  to  reftft  its  preffure  upward,  the  lead  is 
thereby  preffed  upward,  contrary  to  its  natural 
tendency  by  gravity.  If  the  fyringe,  fo  loaded, , 
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be  hung  in  a receiver,  and  the  air  be  exhaufted, 
the  fyringe  and  lead  will  defcend  upon  the  pilton- 
rod  by  their  natural  gravity  : and,  upon  admit- 
ting the  air  into  the  receiver,  they  will  be  drove 
upward  again,  until  the  pifton  be  at  the  very 
bottom  of  the  fyringe. 

2$.  Let  a large  piece  of  cork  be  fufpended 
by  a thread  at  one  end  of  a balance,  and  coun- 
terpoifed  by  a leaden  weight  fufpended  in  the 
fame  manner,  at  the  other.  Let  this  balance  be 
hung  to  the  infide  of  the  top  of  a large  receiver ; 
which  being  fet  on  the  pump,  and  the  air  ex- 
haufted,  the  cork  will  preponderate,  and  fhew 
itfelf  to  be  heavier  than  the  lead  ; but  upon 
letting  in  the  air  again,  the  equilibrium  will  be 
reftored.  The  reafon  of  this  is,  that  fince  the 
air  is  a fluid,  and  all  bodies  lofe  as  much  of  their 
abfolute  weight  in  it,  as  is  equal  to  the  weight 
of  their  bulk  of  the  fluid,  the  cork,  being  the 
larger  body,  lofes  more  of  its  real  weight  than 
the  lead  does ; and  therefore  mult  in  fa£t  be 
heavier,  to  balance  it  under  the  difadvantage  of 
lofing  fome  of  its  weight : which  difadvantage 
being  taken  off  by  removing  the  air,  the  bodies 
then  gravitate  according  to  their  real  quantities 
of  matter,  and  the  cork,  which  balanced  the 
lead  in  air,  fliews  itfelf  to  be  heavier  w'hen  in 
vacuo. 

29.  Set  a lighted  candle  upon  the  pump,  and 
cover  it  with  a tall  receiver.  If  the  receiver 
holds  a gallon,  the  candle  will  burn  a minute  ; 
and  then  after  having  gradually  decayed  from 
the  firfl:  inftant,  it  will  go  out : which  fliews,  that 
a conffcant  fupply  of  frefli  air  is  necefiary  to  feed 
flame ; and  io  it  alfo  is  for  animal  life.  For  a 
bird  kept  under  a clofe  receiver  will  foon  die, 
although  no  air  be  pumped  out ; and  it  is 
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found  that,  in  the  diving-bell,  a gallon  of  air* 
is  fufficient  only  for  one  minute  for  a man  to 
breathe  in. 

The  moment  when  the  candle  goes  out,  the 
fmoke  will  be  feen  to  afcend  at  the  top  of  the 
receiver,  and  there  it  will  form  a fort  of  cloud : 
but  upon  exhaufting  the  air,  the  fmoke  will  fall 
down  to  the  bottom  of  the  receiver,  and  leave  it 
as  clear  at  the  top  as  it  was  before  it  was  fet  upon 
the  pump.  This  {hews,  that  fmoke  does  not 
afcend  on  account  of  its  being  pofitively  light, 
but  becaufe  it  is  lighter  than  air  ; and  its  falling 
to  the  bottom  when  the  air  is  taken  away,  (hews, 
that  it  is  not  deftitute  of  weight.  So  mofl  forts 
of  wood  afcend  or  fwim  in  water  ; and  yet  there 
are  none  who  doubt  of  the  wood’s  having  gravity 
or  weight. 

30.  Set  a receiver,  which  is  open  at  top,  upon 
the  air-pump,  and  cover  it  with  a brafs  plate, 
and  wet  leather  ; and  having  exbaufted  it  of  air, 
let  the  air  in  again  at  top  through  an  iron  pipe, 
making  it  pafs-  through  a charcoal  flame  at  the 
end  of  the  pipe  ; and  when  the  receiver  is  full  of 
^ that  air,  lift  up  the  cover,  and  let  down  a moufe 
or  bird  into  the  receiver,  and  the  burnt  air  will 
immediately  kill  it.  It  a candle  be  let  down  into 
that  air,  it  will  go  out  direftly ; but,  by  letting 
it  down*gently,  it  will  purify  the  air  fo  far  as  it 
goes  ; and  fo,  by  letting  it  down  more  and  more, 
the  flame  will  drive  out  the  bad  air,  and  good  air 
will  get  in.  . ' 

. 31.  Set  a bell  upon  a culhion  on  the  pump- 
plate,  and  cover  it  with  a receiver  ; then  {hake 
the  pump  to  make  the  clapper  ftrike  againft  the 
bell,  and  the  found  will  be  very  well  heard  ; but, 

' exhauft  the  receiver  of  air,  and  then,  if  the 
clapper  be  made  to  (trike  ever  fo  hard  againft 
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the  bell,  it  will  make  no  found  at  all ; which 
fhews,  that  air  is  abfolutely  neceffary  for  the  pro- 
pagation of  found. 

32.  Let  a candle  be  placed  on  one  fide  of  a 
receiver,  and  viewed  through  the  receiver  at 
fome  diftance ; then,  as  foon  as  the  air  begins 
to  be  exhaufted,  the  receiver  will  be  filled  with 
vapours  which  rife  from  the  wet  leather,  by  the 
fpring  of  the  air  in  it ; and  the  light  of  the  candle 
being  refracted  through  that  medium  of  vapours, 
will  have  the  appearance  of  circles  of  various 
colours,  of  a faint  refemblance  to  thofe  in  the 
rain-bow.  / 

The  air-pump  was  invented  by  Otho  Guerick 
of  Magdeburg , but  was  much  improved  by  Mr. 
Boyle , to  whom  we  are  indebted  for  our  greateft 
part  of  the  knowledge  of  the  wonderful  proper- 
ties of  the  air,  demonflrated  in  the  above  experi- 
ments. 

The  elaftic  air  which  is  contained  in  many 
bodies,  and  is  kept  in  them  by  the  weight  of  the 
atmofphere,  may  be  got  out  of  them  either  by 
boiling,  or  by  the  air-pump,  as  fhe\vn  in  the 
25th  experiment : but  the  fixed  air,  which  is 
by  much  the  greater  quantity,  cannot  be  got 
out  but  by  diltillation,  fermentation,  or  putre- 
faction. 

If  fixed  air  did  not  come  out  of  bodies  with 
difficulty,  and  fpend  fome  time  in  extricating 
itfelf  from  them,  it  would  tear  them  to  pieces. 
Trees  would  be  rent  by  the  change  of  air  from 
a fixt  to  an  elaftic  ftate,  and  animals  would  be 
burft  in  pieces  by  the  explofion  of  air  in  their 
food.  ' - x ’ ; 

Dr.  Hales  found  by  experiment,  that  the  air 
in  apples  is  fo  much  condenfed,  that  if  it  were  ' 
let  out  into  the  common  air,  it  would  fill  a fpace 
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48  times  as  great  as  the  bulk  of  the  apples  them- 
felves  j fo  that  its  preflfure  was  equal  to  1 17761b. 
and  in  a cubic  inch  of  oak,  to  19860  lb.  againft 
their  Tides.  So  that  if  the  air  was  let  loofe  at 
once  in  thefe  lub (lances  they  would  tear  every 
thing  to  pieces  about  them  with  a force  fuperior 
to  that  of  gunpowder.  Hence,  in  eating  apples, 
it  is  well  that  they  part  with  the  air  by  degrees, 
as  they  are  chewed,  and  ferment  in  the  llomach, 
otherwife  an  apple  would  be  immediate  death  to 
him  who  eats  it. 

The  mixing  of  fome  fubftances  with  others 
will  releafe  the  air  from  them,  all  of  a fudden, 
which  may  be  attended  with  very  great  danger. 
Of  this  we  have  a remarkable  inflance  ih  an  ex- 
periment made  by  Dr.  Slarc  ; who  having  put 
half  a dram  of  oil  of  carraway-feed  into  one 
glafs,  and  a dram  of  compound  fpirit  of  nitre  in 
another,  covered  them  both  on  the  air-pump  with 
a receiver  fix  inches  wide,  and  eight  inches  deep, 
and  then  exhaufted  the  air,  and  continued  pump- 
ing until  all  that  could  poffibly  be  got  both  out 
of  the  receiver,  and  out  of  the  two  fluids,  was  ex- 
tricated : then  by  a particular  contrivance  from 
the  top  of  the  receiver,  he  mixed  the  fluids  to- 
gether ; upon  which  they  produced  fuch  a pro- 
digious quantity  of  air,  as  inflantly  blew  up  the 
receiver,  although  it  was  prefled  down  by  the 
atmofphere  with  upward  of  400  pounds  weight. 

N.  B.  In  the  a 8th  experiment,  the  Cork  mull 
be  covered  all  over  with  a piece  of  thin  wet 
bladder  glued  to  it,  and  not  ufed  until  it  be 
thoroughly  dry. 
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LIGHT  confifts  of  an  inconceivably  great 
number  of  particles  flowing  from  a lumi- 
nous body  in  all  manner  of  directions  ; and  thefe 
particles  are  fo  fmall,  as  to  furpafs  all  human 
comprehenfion. 

That  the  number  of  particles  of  light  is  in- 
conceivably great,  appears  from  the  light  of  a 
candle  ; which,  if  there  be  no  obftacle  in  the  way 
to  obflru£t  the  paflage  of  its  rays,  will  fill  all  the 
fpace  within  two  miles  of  the  candle,  every  way, 
with  luminous  particles,  before  it  has  loft  the 
leaft  fenfible  part  of  its  fubftance. 

A ray  of  light  is  a continued  ftream  of  thefe 
particles  flowing  from  any  vifible  body  in  a 
ftraight  line  : and  that  the  particles  t’nemfelves 
are  incomprehenfibly  fmall,  is  inanifeft  from  the 
following  experiment.  Make  a fmall  pin-hole 
in  a piece  of  black  paper,  and  hold  the  paper 
upright  on  a table  facing  a row  of  candles  hand- 
ing by  one  another ; then  place  a fheet  of  pafte- 
board  at  a little  diftance  behind  the  paper,  and 
fome  of  the  rays,  which  flow  from  all  the  candles 
through  the  hole  in  the  paper,  will  form  as  many 
fpecks  of  light  on  the  palteboard,  as  there  are 
candles  on  the  table  before  the  plate  : each  fpeck 
being  as  diftinct  and  clear,  as  if  there  was  only  The  ama- 
one  Ipeck  from  one  Angle  candle  : which  fliews,  zing 
that  the  particles  of  light  are  exceedingly  fmall,  ftJallnefs 
otherwife  they  could  not  pafs  through  the  hole  ° 
from  fo  many  different  candles  without  confu-  Gf  light, 
fion. — Dr.  Niewentyi  has  computed,  that  there 
flows  more  than  6,000,000,000,000  times  as 
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many  particles  of  light  from  a candle  In  one  fe- 
cond  of  time,  as  there  are  grains  of  fand  in  the 
whole  earth,  luppofmg  each  cubic  inch  of  it  to 
contain,  i , poo, ooo.  * 

Thefe  particles,  by  falling  diredtly  upon  our 
eyes,  excite  in  our  minds  the  idea  of  light. 
And  when  they  fall  upon  bodies,  and  are  thereby 
refledted  to  our  eyes,  they  excite  in  us  the  ideas 
of  thefe  bodies.  And  as  every  point  of  a vifible 
body  reflects  the  rays  of  light  in  all  manner  of 
directions,  every  point  will  be  vifible  in  every 
part  to  which  the  light  is  refledted  from  it. 
PI.  XV.  Thus  the  objedt  A C B is  vifible  to  an  eye  in  any 
Im  part  where  the  rays  A a,  A b,  A c,  A d , A e,  B a, 
B b,  B c,  B d,  B e,  and  C a,  C b,  C c,  C d , C e , 
come.  Here  we  have  fhewn  the  rays  as  if  they 
were  only  refledted  from  the  ends  A and  B , and 
from  the  middle  point  C of  the  object ; every 
other  point  being  fuppofed  to  reflect  rays  in  the 
Reflected  fame  manner.  So  that  wherever  a fpectator  is 
light.  placed  with  regard  to  the  body,  every  point  of 
that  part  of  the  furface  which  is  toward  him  will 
be  vifible,  wheivmo  intervening  objedt  Hops  the 
palfage  of  the  light. 

As  no  objedt  can  be  feen  through  the  bore 
of  a bended  pipe,  it  is  evident  that  the  rays  of 
light  move  in  ftraight  lines,  while  there  is  no- 
thing to  refract  or  turn  them  out  of  their  redti- 
lineal  courfe. 

While  the  rays  of  light  continue  in  any  * me- 
dium of  an  uniform  denfity,  they  are  ftraight ; 
but  when  they  pafs  obliquely  out  of  one  medium 
into  another,  which  is  either  more  denfe  or  more 

* Any  thing  through  which  the  rays  of  light  can  pafs,  is 
called  a medium  j as  air,  water*  glafs,  diamond,  or  even  a 
vacuum. 
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rare,  they  are  refracted  toward  the  denfer  me- 
dium : and  this  refraCtion  is  more  or  lefs,  as  the 
rays  fall  more  or  lefs  obliquely  on  the  refracting 
furface  which  divides  the  mediums. 

To  prove  this  by  experiment,  fet  the  empty  Fig-  2, 
veffel  A BCD  into  any  place  where  the  fun  {bines 
obliquely,  and  obferve  the  part  where  the 
fhadow  of  the  edge  BC  falls  on  the  bottom  of 
the  veffel  at  E ; then  fill  the  veffel  with  water, 
and  the  fhadow  will  reach  no  farther  than  e ; 
which  {hews,  that  the  ray  a B E,  which  came 
ftraight  in  the  open  air,  juft  over  the  edge  of  the 
veffel  at  B to  its  bottom  at  E , is  refraCted  by 
falling  obliquely  on  the  furface  of  the  water  at  Refrafted 
B ; and  inftead  of  going  on  in  the  rectilineal  di-%ht. 
reCtion  a B E,  it  is  bent  downward  in  the  water 
from  B to  e ; the  whole  bend  being  at  the  fur- 
face of  the  water : and  fo  of  all  the  other  rays 
a b c. 

If  a ftick  be  laid  over  the  veffel,  and  the  fun’s 
rays  be  reflected  from  a glafs  perpendicularly  into 
the  veffel,  the  fhadow  of  the  ftick  will  fall  upon 
the  fame  part  of  the  bottom,  whether  the  veffel 
be  empty  or  full ; which  fhews,  that  the  rays  of 
light  are  not  refraCted  when  they  fall  perpendi- 
cularly on  the  furface  of  any  medium. 

The  rays  of  light  are  as  much  refraCted  by 
paffmg  out  of  water  into  air,  as  by  paffmg  out 
of  air  into  water.  Thus,  if  a ray  of  light  flows 
from  the  point  e,  under  water,  in  the  direction 
e B ; when  it  comes  to  the  furface  of  the  water 
at  j ft,  it  will  not  go  on  thence  in  the  rectilineal 
courfe  B d,  but  will  be  refraCted  into  the  line  B a. 
Therefore, 

To  an  eye  at  e looking  through  a plane  glafs 
in  the  bottom  of  the  empty  veffel,  the  point  a 
cannot  be  feen,  becaufe  the  fide  B c of  the  veffel 
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interpofes  ; and  the  point  d will  juft  be  feen  over 
the  edge  of  the  veflel  at  B.  But  if  the  veflel  be 
filled  with  water,  the  point  a will  be  feen  from  e ; 
and  will  appear  as  at  d , elevated  in  the  direction 
of  the  ray  e B *. 

The  time  of  fun-rifmg  or  fetting,  fuppofing 
its  rays  fullered  no  refra&ion,  is  eafily  found  by 
calcifiation.  But  oblervation  proves  that  the 
fun  riles  looner,  and  fets  later  every  day  than  the 
calculated  time  ; the  reafon  of  which  is  plain 
from  what  was  faid  immediately  above.  For, 
though  the  fun’s  rays  do  not  come  part  of  the 
way  to  us  through  water,  yet  they  do  through  the 
air  or  atmofphere,  which  being  a grofler  medium 
than  the  free  lpace  between  the  fun  and  the  top 
of  the  atmofphere,  the  rays,  by  entering  ob- 
liquely into  the  atmofphere,  are  there  refracted, 
and  thence  bent  down  to  the  earth.  And  al- 
though there  are  many  places  of  the  earth  to 
which  the  fun  is  vertical  at  noon,  and  confe- 
quently  his  rays  can  fuller  no  refraftion  at  that 
time,  becaufe  they  come  perpendicularly  through 
the  atmofphere  : yet  there  is  no  place  to  w’hich 
the  fun’s  rays  do  not  fall  obliquely  on  the  top  of 
the  atmofphere,  at  his  riling  and  fetting  ; and 
confequently,  no  clear  day  in  which  the  fun  will 
not  be  vifible  before  he  rifes  in  the  horizon,  and 
after  he  fets  in  it : and  the  longer  or  {horter,  as 
the  atmofphere  is  more  or  lefs  replete  with  va- 
pours. For,  let  ABC  be  part  of  the  earth’s 
furface,  D E F the  atmofphere  that  covers  it. 


* Hence  a piece  of  money  lying  at  e,  in  the  bottom  of  an 
empty  veflel,  cannot  be  teen  by  an  eye  at  a,  becaufe  the  edge 
of  the  veflel  intervenes  ; but  let  the  veflel  be  filled  with  water, 
and  the  ray  e a being  then  refra&cd  at  B,  will  ltrike  the  eye  at 
/z,  and  fo  render  the  money  vifible,  which  will  appear  as  if  it 
W?re  railed  up  to  f in  the  line  a f. 
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and  EBGH  the  fenfible  horizon  of  an  obferver 
at  B.  As  every  point  of  the  fun’s  furface  fends 
out  rays  of  light  in  all  manner  of  directions,  fome 
of  his  rays  will  conftantly  fall  upon  and  enlighten 
fome  half  of  the  atmofpher'e  ; and  therefore,  when 
the  fun  is  at  /,  below  the  horizon  H , thole  rays 
which  go  on  in  the  free  fpace  Ik  K preferve  a 
rectilineal  courfe  until  they  fall  upon  the  top  of 
the  atmofphere,and  thofe  which  fall  fo  about  K . 
are  refraCted  at  their  entrance  into  the  atmo, 
fphere,  and  bent  down  in  the  line  K?nB , to  the 
obferver’s  place  at  B : and  therefore,  to  him,  the 
fun  will  appear  at  L,  in  the  direction  of  the  ray 
BmK,  above  the  horizon  BGH , when  he  is 
really  below  it  at  I. 

The  angle  contained  between  a ray  of  light, 
and  a perpendicular  to  the  refrading  furface,  is 
called  the  angle  of  incidence  ; and  the  angle  con-  of 
tained  between  the  fame  perpendicular,  and  the  incidence. 
fame  ray  after  refraction,  is  called  the  angle  of 
refraction.  Thus,  let  LBM  be  the  refra&ing  ^ngje  0j- 
furface  of  a medium  (fuppofe  water)  and  ABC refraction. 
a perpendicular  to  that  furface  : let  D B be  a ray  Aj.  4. 
of  light,  going  out  of  air  into  water  at  B , and 
therein  refra&ed  in  the  line  BH ; the  angle  ABD, 
is  the  angle  of  incidence,  of  which  DF  is  the 
fine  ; and  the  angle  KBH  is  the  angle  of  refrac- 
tion, whofe  fine  is  Kf. 

When  the  refracting  medium  is  water,  the 
fine  of  the  angle  of  incidence  is  to  the  fine  of  the 
angle  of  refra&ion,  as  4 to  3 ; which  is  confirmed 
by  the  following  experiment,  taken  from  DoCtor 
Smith’s  Optics. 

Defcribe  the  circle-  DA  EC  on  a plain  fquare 
board,  and  crofs  it  at  right  angles  with  the 
flraight  lines  ABC , and  LB  M ; then,  from 
interfection  A,  with  any  opening  of  the  com- 
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pafles,  fet  off  the  equal  arcs  AD  and  AE , and 
draw  the  right  line  DFE : then,  taking  Fa , 
which  is  three  quarters  of  the  length  FE  from 
the  point  a,  draw  a I parallel  to  ABK , and 
join  Kl  parallel  to  BM : l'o  /C/ will  be  equal 
to  three  quarters  of  FE  or  of  DF.  This- done, 
fix  the  board  upright  upon  the  leaden  pedeftal 
O,  and  flick  three  pins  perpendicularly  into  the 
board,  at  the  points  D,  B , and/:  then  fet  the 
board  upright  into  the  veffel  VUT,  and  fill  up 
the  veffel  with  water  to  the  line  L BM.  When 
the  water  has  fettled,  look  along  the  line  DB , 
fo  as  you  may  fee  the  head  of  the  pin  B over  the 
head  of  the  pin  D ; and  the  pin  I will  appear  in 
the  fame  right  line  produced  to  G,  for  its  head' 
will  be  feen  juft  over  the  head  of  the  pin  at  B : 
which  fhews  that  the  ray  IB,  coming  from  the 
pin  at  /,  is  fo  refracted  at  B,  as  to  proceed  from 
thence  in  the  line  BD  to  the  eye  of  the  obferver  ; 
the  fame  as  it  would  do  from  any  point  G in  the 
right  line  DBG,  if  there  were  no  water  in  the 
veffel  : and  alfo  fhews  that  K I,  the  fine  of  re- 
- fraction  in  water,  is  to  DF,  the  fine  of  incidence 
in  air,  as  3 to  4 *. 

Hencq,  if  DBH  were  a crooked  flick  put 
obliquely  into  the  water,  it  would  appear  a. 
ftraight  one,  as  DBG.  Therefore,  as  the  line 
BH  appears  at  BG,  fo  the  line  BG  will  appear 
at  Bg  ; and  confequently,  a ftraight  flick  DBG. 
put  obliquely  into  water,  will  feem  bent  at  the 
furface  of  the  water  in  B,  and  crooked,  as  DBg. 

When  a ray  of  light  paffes  out  of  air  into 
glafs,  the  fine  of  incidence  is  to  the  fine  of  re- 

* This  is  (IrkTy  true  of  the  red  rays  only,'  for  the  other 
coloured  rays  are  differently  refracted  ; but  the  difference  is 
fo  fraall,  that  it  need  not  be  coniidered  in  this  place. 
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fra&ion,  as  3 to  2 ; and  when  out  of  air  into  a 

diamond,  as  5 to  2. 

Glafs  may  be  ground  into  eight  different  Fig.  y. 
fhapes  at  lead,  for  optical  purpofes,  viz.  v 

1 . A plane  glafs , which  is  flat  on  both  Tides, 

^and  of  equal  thicknefs  in  all  its  parts,  as  A. 

2.  A plano-convex i which  is  flat  on  one  fide,  Lenfes. 
and  convex  on  the  other,  as  B. 

3.  A double  convex , which  is  convex  on  both 
Tides,  as  C. 

4.  A planp-concave , which  is  flat  on  one  fide 
and  concave  on  the  other,  as  D. 

5.  A double  concave , which  is  concave  on  both 
Tides,  as  E. 

6.  A men  feus,  which  is  concave  on  one  Tide 
and  convex  on  the  other,  as  F. 

7.  A flat  plano-convex , whofe  convex  Tide  is 
ground  into  feveral  little  flat  furfaces,  as  G. 

8.  A prifm , which  has  three  flat  Tides,  and, 
when  viewed  endwife,  appears  like  an  equilateral 
triangle,  as  H 

Glafles  ground  into  any  of  the  fhapes,  B,C,D , 

E,  F,  are  generally  called  lenfes. 

A right  line  LIK,  going  perpendicularly 
through  the  middle  of  a lens,  is  called  the  axis 
of  the  lens. 

A ray  of  light  Gh , falling  perpendicularly  on  Fig.  6. 
a plane  glafs  EF , will  pals  through  the  glafs  in 
the  fame  direftion  h i,  and  go  out  of  it  into  the 
air  in  the  fame  right  courfe  i H. 

A ray  of  light  AB,:  falling  obliquely  on  a 
plane  glafs,  will  go  out  of  the  glafs  in  the  fame 
dire&ion,  but  not  in  the  fame  right  line ; for  in 
touching  the  glafs,  it  will  be  refracted  in  the  line 
BC,  and  in  leaving  the  glafs,  it  will  be  refracted 
in  the  line  CD. 
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A ray  of  light  C D , falling  obliquely  on  the! 
middle  of  a convex  glafs,,  will  go  forward  in  the 
fame  dire&ion  D E,  as  if  it  had  fallen  with  the 
fame  degree  of  obliquity  on  a plane  glafs  ; and 
will  go  out  of  the  glafs  in  the  fame  direction 
with  which  it  entered  : for  it  will  be  equally  re* 
frafted  at  the  points  D and  E,  as  if  it  had  palfed 
through  a plane  furface.  But  the  rays  C G and 
C I will  be  fo  refradted,  as  to  meet  again  at  the 
point  F.  Therefore  all  the  rays  which  flow 
from  the  point  C,  fo  as  to  go  through  the  glafs, 
will  meet  again  at  F:  and  if  they  go  farther 
onward,  as  to  L,  they  crofs  at  F , and  go  for- 
ward on  the  oppofite  fides  of  the  middle  ray 
C D E F,  to  what  they  were  in  approaching  it  in 
the  directions  H F and  K F. 

When  parallel  rays,  as  ABC,  fall  direCtly 
- upon  a plano-convex  glafs  D E,  and  pafs  through 
>f  it,  they  will  be  fo  refraCted  as  to  unite  in  a 
point  f behind  it  and  this  point  is  called  the 
principal  focus  : the  diflance  of  which,  from  the 
middle  of  the  glafs,  is  called  the  focal  diflance ; 
which  is  equal  to  twice  the  radius  of  the  fphere 
of  the  glafs’s  convexity.  And, 

When  parallel  rays,  as  ABC , fall  dire&ly 
upon  a glafs  D E,  which  is  equally  convex  on 
both  fides,  and  pafs  through  it ; they  will  be  fo 
refracted,  as  to  meet  in  a point  or  principal  focus 
f,  whofe  diflance  is  equal  to  the  radius  or  femi- 
diameter  of  the  fphere  of  the  glafs’s  convexity. 
But  if  a glafs  be  more  convex  on  one  fide  than 
on  the  other,  the  rule  for  finding  the  focal 
diflance  is  this  ; as  the  fum  of  the  femidiameters 
of  both  convexities  is  to  the  femidiameter  of 
either,  fo  is  double  the  femidiameter  of  the 
other  to  the  diflance  of  the  focus.  Or,  divide 
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the  double  product  of  the  radii  by  their  fum, 
and  the  quotient  will  be  the  diftance  fought. 

Since  all  thofe  rays  of  the  fun  which  pafs 
through  a convex  glafs  are  colle&ed  together 
in  its  focus,  the  force  of  all  their  heat  is  collected 
into  that  part ; and  is  in  proportion  to  the  com- 
mon heat  of  the  fun,  as  the  area  of  the  glafs  is  to 
the  area  of  the  focus.  Kence  we  fee  the  reafon 
why  a convex  glafs  caufes  the  fun’s  rays  to  bum 
after  palling  through  it. 

All  thefe  rays  crofs  the  middle  ray  in  the  focus 
/,  and  then  diverge  from  it,  to  the  contrary  Tides 
in  the  fame  manner  FfG , as  they  converged  in 
the  fpace  DfE  in  coming  to  it. 

If  another  glafs  FG,  of  the  fame  convexity 
as  D E , be  placed  in  the  rays  at  the  fame  dis- 
tance from  the  focus,  it  will  refraQ:  them  fo,  as 
that  after  going  out  of  it,  they  will  be  all  paral- 
lel, as  a b c;  and  go  on  in  the  fame  manner  as 
they  came  to  the  firft  glafs  D E , through  the 
fpace  A B C;  but  on  the  contrary  Tides  of  the 
middle  ray  Bfb  : for  the  ray  A D f will  go  on 
from  /in  the  dire&ion  fG  a , and  the  ray  CEf 
in  the  direction  fFc;  and  fo  of  the  reft. 

The  rays  diverge  from  any  radiant  point,  as 
from  a principal  focus  : therefore,  if  a candle  be 
placed  at/,  in  the  focus  of  the  convex  glafs  FG, 
the  diverging  rays  in  the  fpace  Ff  G will  be  fo 
refra&ed  by  the  glafs,  as  that,  after  going  out  of 
it,  they  will  become  parallel,  as  fhewn  in  the  fpace 
c b a. 

If  the  candle  be  placed  nearer  the  glafs  than  its 
focal  diftance,  the  rays  will  diverge  after  palling 
through  the  glafs,  more  or  lefs,  as  the  candle  is 
more  or  lefs  diftant  from  the  focus. 

If  the  candle  be  placed  farther  from  the  glafs 
than  its  focal  diftance,  the  rays  will  converge 

after 
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after  paffing  through  the  glafs,  and  meet  in  a 
point  which  will  be  more  or  lefs  dirtant  from  the 
glafs,  as  the  candle  is  nearer  to  or  farther  from 
its  focus  j and  where  the  rays  meet,  they  will 
form  an  inverted  image  of  the  flame  of  the  can- 
dle ; which  may  be  feen  on  a paper  placed  in  the 
meeting  of  the  rays. 

Hence,  if  any  object  ABC  be  placed  beyond 
the  focus  F of  the  convex  glafs  def  fome  of 
the  rays  which  flow  from  every  point  of  the 
objedt,  on  the  fide  next  the  glafs,  will  fall  upon 
it,  and  after  parting  through  it,  they  will  be 
converged  into  as  many  points  on  the  oppofite 
fide  of  the  glafs-,  where  the  image  of  every  point 
will  be  formed  : and  confequently,  the  image 
of  the  whole  objedt,  which  will  be  inverted. 
Thus  the  rays  A d,  A e,  Af  flowing  from  the 
point  A , will  converge  in  the  fpace  d af  and  by- 
meeting  at  will  there  form  the  image . of  the 
point  A.  The  rays  B d}  B e,  Bf  flowing  from 
the  point  B , will  be  united  at  b by  the  refrac- 
tion of  the  glafs,  and  will  there  form  the  image 
of  the  point  B.  And  the  rays  C d,  C e,  Cf 
flowing  from  the  point  C,  will  be  united  at  r, 
where  they  will  form  the  image  of  the  point  C. 
And  fo  of  all  the  other  intermediate  points  be- 
tween A and  C.  The  rays  which  flow  from 
every  particular  point  of  the  objedt,  and  are 
united  again  by  the  glafs,  are  called'  pencils  of 
rays. 

If  the  objedt  ABC  be  brought  nearer  to  the 
glafs,  the  pidture  a b c will  be  removed  to  a 
greater  diftance.  For  then,  more  rays  flowing 
from  every  Angle  point,  will  fall  more  diverging 
upon  the  glafs  ; and  therefore  cannot  be  fo  loon 
collected  into  the  correfponding  points  behind 
it,  Confequently,  if  the  diftance  of  the  objedt 
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ABC  be  equal  to  the  diftance  e B of  the  focus  Fig.  2. 
of  the  glafs,  the  rays  of  each  pencil  will  be  fo 
refracted  by  palling  through  the  glafs,  that  they 
will  go  out  of  it  parallel  to  each  other ; as  d /, 
eH,  fh,  from  the  point  C dG , eK , fD, 
from  the  point  B ; and  dK,  eE , f L,  from  the 
point  A : and  therefore,  there  will  be  no  picture 
formed  behind  the  glafs. 

If  the  focal  diftance  of  the  glafs,  and  the  dif- 
tance  of  the  objedt  from  the  glafs,  be  known,  the 
diftance  of  the  picture  from  the  glafs  may  be 
found  by  this  rule,  viz  ; multiply  the  diftance  of 
the  focus  by  the  diftance  of  the  object,  and  divide 
the  product  by  their  difference  ; the  quotient  will 
be  the  diftance  of  the  picture. 

The  picture  will  be  as  much  bigger  or  lefs  Fig.  i» 

. than  the  object,  as  its  diftance  from  the  glafs  is 
greater  or  lefs  than  the  diftance  of  the  objedt. 

For,  as  Be  is  to  eb , fo  is  AC  to  c a.  So  that 
if  ABC  be  the  objedt,  cba  will  be  the  picture ; 

©r,  if  cba  be  the  object,  ABC  will  be  the  , 
picture. 

Having  defcribed  how  the  rays  of  light,  flow- The  mann- 
ing from  objects,  and  pafiing  through  convexnerof 
glafles,  are  collected  into  points,  and  form  theviilon' 
images  of  the  objects ; it  will  be  eafy  to  under- 
ftand  how  the  rays  are  affedted  by  palling  through 
the  humours  of  thp  eye,  and  are  thereby  collected 
into  innumerable  points  on  the  bottom  of  the 
eye,  and  thereon  form  the  images  of  the  objedts 
which  they  flow  from.  For,  the  different  hu- 
mours of  the  eye,  and  particularly  the  cryftalline 
humour,  are  to  be  confidered-  as  a convex  glafs  $ 
and  the  rays  in  paflmg  through  them  to  be  afr 
fecled  in  the  fame  manner  as  in  palling  through 
a convex  glafs. 
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The  eye  is  nearly  globular.  It  confilts  of 
three  coats  and  three  humours.  The  part 
DHHG  of  the  outer  coat,  is  called  the  fcle- 
rotica , the  reft  DEFG  the  cornea.  Next  within 
this  coat  is  that  called  the  choroides , which  ferves 
as  it  were  for  a lining  to  the  other,  and  joins 
with  the  iris  mn , mn.  The  iris  is  compofed 
of  two  fets  of  mufcular  fibres ; the  one  of  a cir- 
cular form,  which  contra&s  the  hole  in  the  mid- 
dle called  the  pupil , when  the  light  would  other- 
wife  be  too  ftrong  for  the  eye ; and  the  other 
of  radical  fibres,  tending  every  where  from  the 
circumference  of  the  iris  toward  the  middle  of 
the  pupil ; which  fibres,  by  their  contraction, 
dilate  and  enlarge  the  pupil  when  the  light  is 
weak,  in  order  to  let  in  the  more  of  its  rays. 
The  third  coat  is  only  a fine  expanfion  of  the 
optic  nerve  L,  which  fpreads  like  net-work  all 
over  the  infide  of  the  choroides,  and  is  therefore 
called  the  retina  ; upon  which  are  painted  (as  it 
were)  the  images  of  all  vifible  obje&s,  by  the 
rays  of  light  which  either  flow  or  are  reflected 
from  them. 

Under  the  cornea  is  a fine  tranfparent  fluid 
like  water,  wrhich  is  therefore  called  the  aqueous 
humour.  It  gives  a protuberant  figure  to  the 
cornea,  fills  the  two  cavities  m m and  n n,  which 
communicate  by  the  pupil  P , and  has  the  fame 
limpidity,  fpecific  gravity,  and  refra&ive  power 
as  water.  At  the  back  of  this  lies  the  cryjlalline 
humour  II , which  is  fhaped  like  a double  con- 
vex glafs  ; and  is  a little  more  convex  on  the 
back  than  the  fore-part.  It  converges  the  rays, 
which  pafs  through  it  from  every  vifible  object 
,to  its  focus  at  the  bottom  of  the  eye.  This 
humour  is  tranfparent  like  cryftal,  is  much  of 
. the  confidence  of  hard  jelly,  and  exceeds  the 
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fpecific  gravity  of  water  in  the  proportion  of 
ii  to  i o.  It  is  inclofed  in  a fine  tranfparent 
membrane,  from  which  proceed  radical  fibres 
oo,  called  the  Ugamentum  ciliare  all  around  its 
edge  ; and  join  to  the  circumference  of  the  iris. 

Thefe  fibres  have  a power  of  contrafling  and 
dilating  occafionally,  by  which  .means  they  alter 
the  fhape  or  convexity  of  the  cryflalline  hu- 
mour, and  alfo  fliift  it  a little  backward  or  for- 
ward in  the  eye,  fo  as  to  adapt  its  focal  diflance 
at. the  bottom  of  the  eye  to  the  different  diftances 
cf  objefts  ; without  which  provifion,  we  could 
only  fee  thofe  objefls  diftinftly,  that  were  all  at 
one  diltance  from  the  eye.  \ , 

At  the  back  of  the  cryflalline,  lies  the  vitre- 
ous humour  KK,  which  is  tranfparent  like  glafs, 

; and  is  largeft  of  all  in  quantity,  filling  the  whole 
orb  of  the  eye,  and  giving  it  a globular  fhape. 

It  is  much  of  a confiftence  with  the  white  of  an 
and  very  little  exceeds  the  fpecific  gravity 
and  refraflive  power  of  water. 

As  every  point  of  an  objea  ABC  fends  out 
rays  in  all  direftions,  fome  rays,  from  every 
point  on  the  fide  next  the  eye,  will  fall  upon 
the  cornea  between  E and  F;  and  by  palling,  on 

• through  the  humours  and  pupil  of  the  eye, 

' they  will  be  converged  to  as  many  points  on 

• the  retina  or  bottom  of  the  eye,  and  will  thereon 
- form  a diflinft  inverted  piflure  cba  of  the  ob- 

jcft.  Thus,  the  pencihof  rays  qrs , that  flows 
, from  the  point  A of  the  objea,  will  be  con- 

• verged  to  the  point  a on  the  retina  ; thofe  from  * 
the  point  B will  be  converged  to  the  point  b * 
thofe  fiom  the  point  C will  be  converged  to  the 

• point  c ; and  fo  of  all  the  intermediate  points : 
by  which  means  the  whole  image  abc  is  formed, 
and  the  objea  made  vifible  ; although  it  mull 
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be  owned,  that  the  method  by  which  this  fenfa* 
tion  is  carried  from  the  eye  by  the  optic  nerve 
to  the  common  fenfory  in  the  brain,  and  there 
difcerned,  is  above  the  reach  of  our  comprehen- 
fion. 

But  that  vifion  is  effected  in  this  manner,  may 
be  demonftrated  experimentally.  Take  a bul- 
lock’s eye  while  it  is  frefh,  and,  having  cut  off 
the  three  coats  from  the  back  part,  quite  to  the 
vitreous  humour,  put  a piece  of  white  paper 
over  that  part,  and  hold  the  eye  toward  any 
bright  objed,  and  you  will  fee  an  inverted  pic- 
ture of  the  object  upon  the  paper. 

Seeing  the  image  is  inverted,  many  have 
wondered  why  the  object  appears  upright.  But 
we  are  to  confider,  i.  That  inverted  is'  only  a 
relative  term  : and  2.  That  there  is  a very  great 
difference  between  the  real  object  and  the  means 
or  image  by  which  we  perceive  it.  When  all 
the  parts  of  a diftant  profped  are  painted  upon 
the  retina,  they  are  all  right  with  refped  to  one 
another,  as  well  as  the  parts  of  the  profped 
itfelf;  and  we  can  only  judge  of  an  object’s 
being  inverted,  when  it  is  turned  reverfe  to  its 
natural  pofition,  with  refped  to  other  objects 
which  we  fee  and  compare  it  with. — If  we  lay 
hold  of  an  upright  flick  in  the  dark,  we  can  tell 
which  is  the  upper  or  lower  part  of  it,  by  mo- 
ving our  hand  upward  or  downward  ; and  know 
very  well  that  we  cannot  feel  the  upper  end  by 
moving  our  hand  downward.  Juft  fo  we  find 
by  experience,  that  upon  deeding  our  eyes 
toward  a tall  objed,  we  cannot  fee  its  top  by 
turning  our  eyes  downward,  nor  its  foot  by 
turning  our  eyes  upward  ; but  muff  trace  the 
objed  the  fame  way  by  the  eye  to  fee  it  from 
head  to  foot,  as  we  do  by  the  hand  to  feel  it ; 
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and  as  t^ie  judgment  is  informed  by  the  motion 
of  the  hand  in  one  cafe,  fo  it  is  alfo  by  the  mo- 
tion of  the  eye  in  the  other. 

In  Fig.  4-  is  exhibited  the  manner  of  feeing  Fig.  4. 
the  fame  objed  ABC,  by  both  the  eyes  D and 
E at  once. 

When  any  part  of  the  image  cb  a falls  upon 
the  optic  nerve  L , the  correfponding  part  of  the 
objed  becomes  invifible.  On  which  account 
nature  has  wifely  placed  the  optic  nerve  of  each 
eye,  not  in  the  middle  of  the  bottom  of  the  eye, 
but  toward  the  fide  next  the  nofe  ; fo  that  what- 
ever part  of  the  image  falls  upon  the  optic  nerve 
of  one  eye,  may  not  fall  upon  the  optic  nerve 
-of  the  other.  Thus  the  point  a of  the  image 
cb  a falls  upon  the  optic  nerve  of  the  eye  D, 
but  not  of  the  eye  E ; and  the  point  e falls  upon 
the  optic  nerve  of  the  eye  E,  but  not  of  the  eye 
D : and  therefore  to  both  eyes  taken  together, 
the  whole  objed  ABC  is  vifible. 

The  nearer  that  any  objed  is  to  the  eye,  the  Plate 
larger  is  the  angle  under  which,  it  is  feen,  and  XVII. 
the  magnitude  under  which  it  appears. , Thus  I* 
to  the  eye  D , the  objed  ABC  is  feen  under  the 
angle  A P C ; and  its  image  cb  a is  very  large 
upon  the  retina  : but  to  the  eye  E , at  a double 
diftance,  the  fame  objed  is  feen  under  the  angle 
ApC , which  is  equal  only  to  half  the  angle 
ApC,  as  is  evident  by  the  figure.  The  image 
cb  a is  likewife  twice  as  large  in  the'  eye  D,  as 
the  other  image  c bah  in  the  eye  E.  In  both 
thefe  reprefentations,  a part  of  the  image  falls 
on  the  optic  nerve,  and  the  objed  in  the  corre- 
fponding part  is  invifible. 

As  the  fenfe  of  feeing  is  allowed  to  be  oc- 
cafioned  by  the  impulfe  of  the  rays  from  the  vifible 
objed  upon  the  retina  of  the  eye,  and  forming 
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the  image  of  the  object  thereon,  and  that  the 
retina  is  only  the  expanfion  of  the  optic  nerve  all 
over  "the  choroides  ; it  fhould  feem  furprifing  that 
the  part  jaf  the  image  which  falls  on  the  optic 
nerve  fhould  render  the  like  part  of  the  objedt  in- 
vifible  ; efpecially  as  that  nerve  is  allowed  to  be 
the  inftrument  by  which  the  impulfe  and  image 
are  conveyed  to  the  common  fenfory  in  the  brain. 

• But  this  difficulty  vanifhes,  when  we  confider  that ' 
there  is  an  artery  within  the  trunk  of  the  optic 
nerve,  which  entirely  obfcures  the  image  in  that 
part,  and  conveys  no  fenfation  to  the  brain. 

That  the  part  of  the  image  which  falls  upon 
the  middle  of  the  optic  nerve  is  loft,  and  confe- 
quentlv  the  correfponding  part  of  the  objett  is 
rendered  invifible,  is  plain  by  experiment.  For,  if 
Fig  2.  a perfon  fixes  three  patches,  A , B,  C , horizontally 
upon  a white  wall  at  the  height  of  the  eye,  and 
the  diftance  of  about  a foot  from  each  other,  and 
places  himfelf  before  them,  fnutting  the  right 
eye,  and  directing  the  left  toward  the  patch  C, 
he  will  fee  the  patches  A and  C , but  the  middle 
patch  B will  difappear.  Or,  if  he  fhuts  his  left 
eye,  and  directs,  the  right  toward  A , he  will  fee 
both  A and  C,  but  B will  difappear  ; and  if  he 
directs  his  eye  toward  B , he  will  fee  both  B and 
A , but  not  C.  For  whatever  patch  is  diredly 
oppoftte  to  the  optic  nerve  N,  vani flies.  This 
requires  a little  practice,  after  which  he  will  find 
it  eafy  to  direft  his  eye,  fo  as  to  lofe  the  fight  of 
which  ever  patch  he  pleafes. 

We  are  not  commonly  fenfible  of  this  difap- 
pearance,  becaufe  the  motions  of  the  eye  are 
fo  quick  and  inftantaneous,  that  we  no  fooner 
iofe  the  fight  of  any  part  of  an  objeft,  than  we 
recover  it  again ; much  the  fame  as  in  the 
fwinkling  of  our  eyes,  for  at  each  twinkling  we 
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are  blinded  ; but  it  is  fo  foon  over,  that  we  are 
fcarce  ever  fenfible  of  it. 

Some  eyes  require  the  afiiftance  of  convex  Fig.  4. 
glades  to  make  them  fee  objeds  diftindly,  and  Why 
others  of  concave.  If  either  the  cornea  a b c or  j.°™eire/eft 
. crystalline  humour  e , or  both  of  them,  be  too  fpe(fta. 
flat,  as  in  the  eye  A , their  focus  will  not  be  on  cles.' 
the  retina,  as  at  d , where  it  ought  to  be,  in  or- 
der to  render  vifion  diftind  ; but  beyond  the 
eye,  as  at  f.  Confequently  thofe  rays  which 
flow  from  the  object  C , and  pafs  through  the . 
humours  of  the  eye,  are  not  converged  enpugh 
to  unite  at  d ; and  therefore  the  obferver  can 
have  but  a very  indiftind  view  of  the  objed, 

This  is  remedied  by  placing  a convex  glafs  g b 
before  the  eye,  which  makes  the  rays  converge 
fooner,  and  imprints  the  image  duly  on  the  re- 
tina at  d.  ‘ . / 

If  either  the  cornea,  or  cryftalline  humour, 
or  both  of  them,  be  too  convex,  as  in  the  eye 
f the  rays  that  enter  in  from  the  object  C,  will 
be  converged  to  a focus  in  the  vitreous  humour, 
as  at  f ; and  by  diverging  from  thence  to  the 
retina,  will  form  a very  confufed  image  thereon  : 
and  fo,  of  courfe,  the  obferver  will  have  as  con- 
fufed a view  of  the  objed,  as  if  his  eye  had  been 
too  flat.  This  inconvenience  is  remedied  by 
placing  a concave  glafs  g h before  the  eye  \ which 
glafs,  by  caufing  the  rays  to  diverge  between  it 
and  the  eye,  lengthens  the  focal  diftance  fo,  that 
if  the  glafs  be  properly  chofen,  the  rays  will 
unite  at  the  retina,  and  form  a diftind  pidure  of 
the  objed  upon  it. 

Such  eyes  as  have  their  humours  of  a due 
convexity,  cannot  fee  any  objed  diftindly  at  a 
lefs  diftance  than  fix  inches ; and  there  are 
numberlefs  objeds  too  fmall  to  be  feen  at  that 
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diftance,  becaufe  they  cannot  appear  under  any 
fenfible  angle.  The  method  of  viewing  fuch 
minute  obje&s  is  by  a microfcope , of  which  there 
are  three  forts,  viz.  the  Jingle,  the  double , and 
the  folar. 

. The  Jingle  microfcope , is  only  a fmall  convex 
as  cd>  having  the  objeft  a b placed  in  its 
1 focus,  and  the  eye  at  the  fame  diftance  on  the 
other  fide  ; fo  that  the  rays  of  each  pencil,  flow- 
ing from  every  point  of  the  objeft  on  the  fide 
next  the  glafs,  may  go  on  parallel  in  the  fpace 
between  the  eye  and  the  glafs  ; and  then,  by 
entering  the  eye  at  C,  they  will  be  converged  to 
as  many  different  points  on  the  retina,  and  form 
^ large  inverted  picture  AB  upon  it,  as  in  the 
figure. 

To  find  how  much  this  glafs  nagnifies,  divide 
the  leaft  diftance  (which  is  about  fix  inches)  at 
which  an  object  can  be  feen  dlflinftly  with  the 
bare  eye,  by  the  focal  diftance  of  the  glafs  ; and 
the  quotient  will  fhew  how  much  the  glafs  mag- 
nifies the  diameter  of  the  objett. 

"Fig.  6.  The  double  or  compound  microfcope , confifts  of 
rY\\t double 2cn.  objeft-glafs  cd , and  an  eye-glafs  ef.  The 
vucrofcope.^m2^  0bje£t  ab  is  placed  at  a little  greater  dif- 
tance from  the  glafs  c d than  its  principal  focus, 
fo  that  the  pencils  of  rays  flowing  from  the  dif- 
ferent points  of  the  object,  and  pafling  through 
the  glafs,  may  be  made  to  converge  and  unite 
in  as  many  points  between  g and  h,  where  the 
image  of  the  object  will  be  formed  : which 
image  is  viewed.  ,by  the  eye  through  the  eye- 
glafs  ef  For  the  eve-glafs  being  fo  placed, 
that  the  image  g h may  be  in  its  focus,  and  the 
eye  much  about  the  fame  diftance  on  the  other 
fide,  the  rays  of  each  pencil  will  be  parallel, 
after  going  out  of  the  eye-glafs,  as  at  e and  f. 
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till  they  come  to  the  eye  at  k,  where  they  will 
begin  to  converge  by  the  refra&ive  power  of 
the  humours  ; and  after  having  crofted  each 
other  in  the  pupil,  and  paffed  through  the  cryf- 
tal line  and  vitreous  humours,  they  will  be  colle&ed 
into  points  on  the  retina,  and  form  the  large  in- 
verted image  A B thereon. 

The  magnifying  power  of  this  microfcope  is 
as  follows.  Suppofe  the  image  g h to  be  fix 
times  the  diftance  of  the  objedt  a b from  the 
objedf  glafs  cd ; then  will  the  image  be  fix  times 
the  length  of  the  objedl  : but  fmce  the  image 
could  not  be  feen  diftinftly  by  the  bare  eye  at  a 
lefs  diftance  than  fix  inches,  if  it  be  viewed  by  an 
eye-glafs  ef  of  one  inch  focus^  it  will  thereby 
be  brought  fix  times  nearer  the  eye ; and  confe- 
quently  viewed  under  an  angle  fix  times  as  large 
as  before : fo  that  it  will  be  again  magnified  fix 
times : that  is  fix  times  by  the  objedt-glafs,  and 
fix  times  by  the  eye-glafs,  which  multiplied  into 
one  another  makes  36  times  ; and  fo  much  is 
the  object  magnified  in  diameter  more  than  what 
it  appears  to  the  bare  eye  ; and  confequently  3 6 
times  36,  or  1296  times  in  furface. 

But  becaufe  the  extent  or  field  of  view  is 
very  final  1 in  this  microfcope,  there  are  gene- 
rally two  eye-glaffes,  placed  fometimes  dole  to- 
gether, and  fometimes  an  inch  afunder ; by 
which  means,  although  the  objedt  appears  lefs 
magnified,  yet  the  vifible  area  is  much  enlarged 
by  the  interpofition  of  a fecond  eye-glafs ; and 
confequently  a much  pleafanter  view  is  ob- 
tained. 

The  filar  microfcope , invented  by  Dr.  Lieburk-  Fig.  7. 
Zwz,  is  conftructed  in  the  following  manner.  The  folar 
Having  procured  a very  dark  room,  let  a round  m'lcr°fcnPem 
hole  be  made  in  the  window-fhutter,  about  three 
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inches  diameter,  through  which  the  fun  may  cafl: 
a cylinder  of  rays  A A into  the  room.  In  this 
hole  place  the  end  of  a tube,  containing  two 
convex  glaffes  and  an  objedt,  viz.  i.  A convex 
glaf$  a a , of  about  two  inches  diameter,  and  three 
inches  focal  diftance,  is  to  be  placed  in  that  end 
of  the  tube  which  is  put  into  the  hole.  2.  The 
objedt  b b,  being  put  between  two  glaffes  (which 
muff  be  concave  to  hold  it  at  liberty)  is  placed 
about  two  inches  and  a half  from  the  glafs  a a. 
3.  A little  more  than  a quarter  of  an  inch  from 
the  objedt,  is  placed  the  fmall  convex  glafs  c r, 
whofe  focal  diftance  is  a quarter  of  an  inch. 

The  tube  may  be  fo  placed,  when  the  fun  is 
low,  that  his  rays  A A may  enter  directly  into 
it : but  when  he  is  high,  his  rays  B B muff  be 
reflected  into  the  tube  by  the  plain  mirror  or 
Jooking-glafs  C C. 

Things  being  thus  prepared,  the  rays  that  enter 
the  tube  will  be  conveyed  by  the  glafs  a a toward 
the  objedt  b b,  by  which  means  it  will  be  ftrongly 
illuminated  ; and  the  rays  d which  flow  from  it, 
through  the  magnifying  glafs  c c,  will  make  a 
large  inverted  pidture  of  the  objedt  at  D D , which, 
being  received  on  a white  paper,  will  repre- 
sent the  objedt  magnified  in  length,  in  pro- 
portion of  the  diftance . of  the  picture  from  the 
glafs  c c,  to  the  diftance  of  the  objedt  from  the 
fame  glafs.  Thus,  fuppofe  the  diftance  of  the  ob- 
jedt from  the  glafs  to  be  parts  of  an  inch,  and 
the  diftance  of  the  diltindt  pidture  to  be  12  feet 
or  144  inches,  in  which  there  are  1440  tenths  of 
an  inch  ; and  this  number  divided  by  3 tenths, 
gives  480  ; which  is  the  number  of  times  the 
pidture  is  longer  or  broader  than  the  objedt ; and 
the  length  multiplied  by  the  breadth,  fhews  how 
jnuch  the  whole  furface  is  magnified, 
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Before  we  enter  upon  the  defcription  of  tel Q~Tdefcopcs* 
fcopes,  it  will  be  proper  to  ihew  how  the  rays 
of  light  are  affeCted  by  paffing  through  concave 
glafles,  and  alfo  by  falling  upon  concave  mir- 
rors. N , 

When  parallel  rays,  as  abcdefgh , pafs  Plate 
direCllf  through  a glafs  A B,  which  is  equally  XVIII, 
concave  on  both  Tides,  they  will  diverge  after  1' 
paffing  through  the  glafs,  as  if  they  had  come 
from  a radiant  point  C,  in  the  center  of  the 
glafs’s  concavity  ; which  point  is  called  the  ne- 
gative or  virtual  focus  of  the  glafs.  Thus  the 
ray  a,  after  paffing  through  the  glafs  A B , will 
go  on  in  the  direction  k / as  if  it  had  proceeded 
from  the  point  C and  no  glafs  been  in  the  way. 

The  ray  b will  go  on  in  the  direction  ni  n ; the 
ray  c in  the  direction  op , &c. — The  ray  C,  that 
falls  direCtly  upon  the  middle  of  the  glafs,  buf- 
fers no  refraction  in  paffing  through  it ; but  goes 
on  in  the  fame  rectilineal  direction  as  if  no  glafs 
had  been  in  its  way. 

If  the  glafs  had  been  concave  only  on  one  fide 
and  the  other  fide  quite  plane,  the  rays  would 
have  diverged,  after  paffing  through  it,  as  if  they 
had  come  from  a radiant  point  at  double  the  dif- 
tance  of  C from  the  glafs  ; that  is,  as  if  the  ra- 
diant had  been  at  the  diftance  of  a whole  diame- 
ter of  the'glals’s  concavity. 

If  rays  conte  more  converging  to  fuch  a glafs, 
than  parallel  rays  diverge  after  paffing  through  it, 
they  will  continue  to  converge  after  paffing 
through  it ; but  will  not  meet  f?  foon  as  if  no 
glafs  had  been  in  the  way  ; and  will  incline  to- 
ward the  lame  fide  to  which  they  would  have 
diverged,  if  they  had  come  parallel  to  the  glafs. 

Thus  the  rays  f and  Z>,  going  in  a converging 
(late  toward  the  edge  of 'the  glafs  at  B,  and 

con- 


222 


i 


Fig.  2. 


f 


Of  Optics. 

converging  more  in  their  way  to  it  than  the  pa- 
rallel  rays  diverge  after  palling  through  it,  they 
will  go  on  converging  after  they  pafs  through  it, 
though  in  a kfs  degree  than  they  did  before,  and 
will  meet  at  / ; but  if  no  glafs  had  been  in  then- 
way,  they  would  have  met  at  i. 

When  the  parallel  rays,  as  dfa.  Cm  b,  elo, 
fall  upon  a concave  mirror  A B (which  is  not 
tranfparent,  but  has  only  the  furface  A b B of 
a clear  polifh',  they  will  be  reflected  back  from 
that  mirror,  and  meet  in  a point  m , at  half  the 
diftance  of  the  furface  of  the  mirror  from  C, 
the  center  of  its  concavity  : for  they  will  be  re- 
flected at  as  great  an  angle  from  the  perpendi- 
cular to  the  furface  of  the  mirror,  as  they  fell 
upon  it,  with  regard  to  that  perpendicular  ; but 
on  the  other  fide  thereof.  Thus,  let  C be  the 
center  of  concavity  of  the  mirror  A b B,  and 
let  the  parallel  rays  dfa , C m b , and  el  c,  fall 
upon  it  at  the  points  a b , and  c.  Draw  the 
lines  C ia,  C m b , and  C h c,  from  the  center  C 
to  thefe  points  ; and  all  thefe  lines  will  be  per- 
pendicular to  the  furface  of  the  mirror,  becaufe 
they  proceed  thereto  like  fo  many  radii  or  fpokes 
from  its  center.  Make  the  angle  Cab  equal 
to  the  angle  d a C,  and  draw  the  line  a m b , 
which  will  be  the  direction  of  the  ray  df  a , after 
it  is  reflected  from  the  point  a.  of  the  mirror  : fo 
that  the  angle  of  incidence  d a C,  is  equal  to  the 
angle  of  reflection  Cab;  the  rays  making  equal 
angles  with  the  perpendicular  C ia  on  its  oppo- 
fite  Tides. 

Draw  alfo  the  perpendicular  Che  to  the  point 
c , where  the  ray  e l c touches  the  mirror  ; and, 
having  made  the  angle  Cc  i,  equal  to  the  angle 
C c e,  draw  the  line  c m i,  which  will  be  the 
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courfe  of  the  ray  elc,  after  it  is  refledted  from 
the  mirror. 

The  ray  Cmb  pafies  through  the  center  of 
concavity  of  the  mirror,  and  falls  upon  it  at 
b , the  perpendicular  to  it ; .and  is  therefore  re* 
fiedted  back  from  it  in  the  fame  line  bmC. 

All  thefe  reflected  rays  meet  in  the  point  m * 
and  in  that  point  the  image  of  the  body  which 
emits  the  parallel  rays  da , C b,  and  e c , will  be 
formed  : which  point  is  diftant  from  the  mir- 
ror equal  to, half  the  radius  bmC  of  its  conca- 
vity. 

The  rays  which  proceed  from  any  celeftial 
objedt  may  be  efteemed  parallel  at  the  earth ; 
and  therefore  the  images  of  that  objedt  will  be 
formed  at  m,  when  the  refledting  furface  of  the 
concave  mirror  is  turned  diredtly  toward  the 
objedt.  Hence,  the  focus  m of  parallel  rays 
is  not  in  the  center  of  the  mirror’s  concavity, 
but  half  way  between  the  mirror  and  that 
center.  ^ 

. The  rays  which  proceed  from  any  remote 
terreftrial  objedt,  are  nearly  parallel  at  the  mir- 
ror ; not  ftridtly  fo,  but  come  diverging  to  it, 
in  feparate  pencils,  or  as  it  were,  bundles  of 
rays,  from  each  point  of  the  fide  of  the  objedt 
next  the  mirror  : and  therefore  they  will  not 
be  converged  to- a point,  at  the  diftance  of  half 
the  radius  of  the  mirror’s  concavity  from  its 
refledting  furface ; but  into  feparate  points  at  a 
little  greater  diftance  from  the  mirror.  And 
the  nearer  the  objedt  is  to  the  mirror,  the  far-1 
ther  thefe  points  will  be  from  it ; and  an  in- 
verted image  of  the  objedt  will  be  formed  in1 
them,  which  will  feem  to  hang  pendent  in  the 
air  ; and  will  be  feen  by  an  eye  placed  beyond  j 
it  (with  regard  to  the  mirror)  in  all  refpedts 
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like  the  objeCt,  and  as  diftinCt  as  the  objed 
itfelf. 

Let  A c B be  the  reflecting  furface  of  a mir- 
ror, whofe  center  of  concavity  is  at  C ; and 
let  the  upright  object  D E be  placed  beyond  the 
center  C,  and  fend  out  a conical  pencil  of  di- 
verging rays  from  its  upper  extremity  D , to 
every  point  of  the  concave  furface  of  the  mir- 
ror A c B.  But  to  avoid  confufion  we  only 
draw  three  rays  of  that  pencil,  as  D A , D c, 
DB. 

From  the  center  of  concavity  C , draw  the 
three  right  lines  C A,  C c,  C B,  touching  the 
mirror  in  the  fame  points  where  the  forefaid  rays 
touch  it  ; and  all  thefe  lines  will  be  perpendi- 
cular to  the  furface  of  the  mirror.  Make  the 
angle  C A d equal  to  the  angle  D A C,  and  draw 
the  right  line  A d for  the  courfe  of  the  reflected 
ray  DA:  make  the  angle  Ccd  equal  to  the 
angle  D c C,  and  draw  the  right  line  c d for  the 
courfe  of  the  reflected  ray  D d : make  alfo  the 
angle  C B d equal  to  the  angle  D B C,  and  draw 
the  right  line  B d for  the  courfe  of  the  reflected 
ray  D B.  All  thefe  reflected  rays  will  meet  in 
the  point  d,  where  they  will  form  tire  extremity 
d of  the  inverted  image  e d , frmilar  to  the  extre- 
mity D of  the  upright. object  D E. 

If  the  pencils  of  rays  Ef0Eg,Eh,  be  alfo 
continued  to  the  mirror,  and  their  angles  of  re- 
flection from  it  be  made  equal  to  their  angles  of 
incidence  upon  it,  as  in  the  former  pencil  from 
D,  they  will  all  meet  at  the  point  e by  reflection, 
and  form  the  extremity  e of  the  image  ed,  fimi- 
lar  to  the  extremity  E of  the  objeCt  D E. 

And  as  each  intermediate  point  of  the  objeCt, 
between  D and  E , fends  out  a pencil  of  rays  in 
like  manner  to  every  part  of  the  mirror,  the 
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ravs  of  each  pencil  will  be  reflected  back  from 
it/  and  meet  in  all  the  intermediate  points  be- 
tween the  extremities  c and  d of  the  image  j and 
fo  the  whole  image  will  be  formed,  not  at 
half  the  diftance  of  the  mirror  from  its  center  of 
concavity  C ; but  at  a greater  diftance,  between 
i and  the  objeCt  D E ; and  the  image  will  be  in- 
verted with  refpect  to  the  objeCt. 

This  being  well  under ftood,  the  reader  will 
eafily  fee  how  the  image  is  formed  by  the  large 
concave  mirror  of  the  reflecting  telefcope, 
when  he  comes  to  the  description  of  that  inftru- 
ment. 

When  the  objeCt  is  more  remote  from  the 
mirror  than  its  center  of  concavity  C , the 
image  will  be  lefs  than  the  objeCt,  and  between 
the  objeft  and  mirror  : when  the  objeCt  is  nearer 
than  the  center  of  concavity,  the  image  will  be 
more  remote  and  bigger  than  the  objeCt : thus, 
if  D E be  the  objeCt,  e d will  be  its  image  ; for, 
as  the  objeCt  recedes  from  the  mirror,  the 
image  approaches  nearer  to  it ; and  as  the  ob- 
jeCt approaches  nearer  to  the  mirror,  the  image 
recedes  farther  from  it ; on  account  of  the  lefler 
or  greater  divergency  of  the  pencils  of  rays 
which  proceed  from  the  objeCt ; for,  the  lels 
they  diverge,  the  fooner  they  are  converged  to 
points  by  reflection  ; and  the  more  they  di- 
verge, the  farther  they  muft  be  reflected  before 
they  meet. 

If  the  radius  of  the  mirror’s  concavity  and 
the  diftance  of  the  objeCt  from  it  be  known,  the 
diftance  of  the  image  from  the  mirror  is  found 
by  this  rule : _ divide  the  product  of  the  dif- 
tance and  radius  by  double  the  diftance  made 
lefs  by  the  radius,  and  the  quotient  is  the  diftance 
required. 
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If  the  objed  be  in  the  center  of  the  mirror's 
concavity,  the  image  and  object  will  be  coin- 
cident, and  equal  in  bulk. 

If  a man  places  himfelf  diredly  before  a large 
Concave  mirror,  but  farther  from  it  than  its 
center  of  concavity,  he  will  fee  an  inverted 
image  of  himfelf  in  the  air,  between  him  and 
the  mirror,  of  a lefs  fize  than  himfelf.  And 
if  he  holds  out  his  hand  toward  the  mirror* 
the  hand  of  the  image  will  come  out  toward 
his  hand,  and  coincide  with  it,  of  an  equal 
bulk,  when  his  hand  is  in  the  center  of  conca- 
vity ; and  he  will  imagine  he  may  lhake  hands 
with  his  image.  If  he  reaches  his  hand  farther* 
the  hand  of  the  image  will  pafs  by  his  hand,  and 
come  between  his  hand  and  his  body  : and  if  he 
moves  his  hand  toward  either  fide,  the  hand  of 
the  image  will  move  toward  the  other  ; fo  that 
whatever  way  the  objett  moves,  tHe  image  will 
move  the  contrary  way. 

All  the  while  a by-Hander  will  fee  nothing  of 
the  image,  becaufe  none  of  the  refledted  rays  that 
form  it  enter  his  eyes. 

If  a fire  be  made  in  a large  room,  and  a 
fmooth  mahogany  table  be  placed  at  a good 
diflance  near  the  wall,  before  a large  concave 
mirror,  fo  placed,  that  the  light  of  the  fire 
may  be  reflected  from  the  mirror  to  its  focus 
upon  the  table ; if  a perfon  Hands  by  the  table, 
he  will  fee  nothing  upon  it  but  a longifh  beam 
of  light : but  if  he  Hands  at  a diHance  toward 
the  fire,  not  diredtly  between  the  fire  and  mir- 
ror, he  will  fee  an  image  of  the  fire  upon  the 
table,  large  and  eredl.  And  if  another  per- 
fon who  knows  nothing  of  this  matter  before- 
hand, fhould  chance  to  come  into  the  room, 
and  fhould  look  from  the  fire  toward  the  table, 
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he  would  be  ftartled  at  the  appearance ; for  the  ‘ 
table  would  feem  to  be  on  fire,  and  by  being 
near  the  wainfcot  to  endanger  the  whole  houfe. 

In  this  experiment  there  ffiould  be  no  light  in  the 
room  but  what  proceeds^  from  the  fire  ; and  the' 
mirror  ought  to  be  at  lead:  fifteen  inches  in  dia- 
meter. 

If  the  fire  be  darkened  by  a fcreen,  and  a 
large  candle  be  placed  at  the  back  of  the  fcreen  ; 
a perfon  Handing  by  the  candle  will  fee  the 
appearance  of  a fine  large  ftar  or  rather  planet, 
upon  the  table,  as  bright  as  Venus  or  Jupiter. 

And  if  a finall  wax  taper  (whofe  flame  is  much 
lefs  than  the  flame  of  the  candle)  be  placed  near 
the  candle,  a fatellite  to  the  planet  \Vill  appear  on 
the  table  : and  if  the  taper  be  moved  round  the 
candle,  the  fatellite  will  go  round  the  planet. 

For  thefe  two  pleafmg  experiments  I am  in- 
debted to  the  late  reverend  Dr.  Long,  Lowndes’ s 
profeflor  of  aftronomy  at  Cambridge,  who  fa- 
voured me  with  the  fight  of  them,  and  many 
more  of  his  curious  inventions. 

In  a refracting  telefcope , the  glafs  which  is  neared  The  re. 
the  object  in  viewing  it,  is  called  the  ob je ft -glafs ; fraumg 
and  that  which  is  neared  the  eye,  is  called  the  telefc*j,e- 
eye-glafs.  The  objeft-glafs  muft  be  convex,  but 
the  eye-glafs  may  be  -either  convex  or  concave : 
and  generally,  in  looking  through  a telefcope, 
the  eye  is  in  the  focus  of  the  eye-glafs ; though 
that  is  not  very  material : for  the  difiance  of  the 
eye,  as  to  diftinfl  vifion,  is  indifferent,  provided 
the  rays  of  the  pencils  fall  upon  it  parallel : 
k only  the  nearer  the  eye  is  to  the  end  of  the  tele- 
fcope, the  larger  is  the  fcope  or  area  of  the  field 
of  view. 

Let  c cl  be  a convex-glafs  fixed  in  a long  tube.  Fig.  ^ 
and  have  its  focus  at  E.  Then,  a pencil  of  rays 
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g h h flowing  from  the  upper  extremity  A of  the 
remote  objeft  A B,  will  be  fo  refrafted.by  paffing 
through  the  glafs  as  to  converge  and  meet  in 
the  point  f ; while  the  pencil  of  rays  k Ini  flow- 
ing from  the  lower  extremity  B , of  the  fame  ob- 
ject A B,  and  paffing  through  the  glafs,  will  con- 
verge and  meet  in  the  point  c : and  the  images 
of  the  points  A and  B , will  be  formed  in  the 
points  / and  c.  And  as  all  the  intermediate 
points  of  the  objeft,  between  A and  B , fend  out 
pencils  of  rays  in  the  fame  manner,  a fufficient 
number  of  thefe  pencils  will  pafs  through  the  • 
objecf -glafs  c d , and  converge  to  as  many  inter- 
mediate points  between  e and  f;  and  fo  will  form 
the  whole  inverted  image  e Ef  of  the  diftinft 
obje£L  But  becaufe  this  image  is  frnall,  a con- 
cave glafs  n o is  fo  placed  in  the  end  of  the  tube 
next  the  eye,  that  its  virtual  focus  may  be  at  F. 
And  as  the  rays  of  the  pencils  pafs  converging 
through  the  concave  glafs,  but  converge  lefs  after 
paffing  through  it  than  before,  they  go  on  far- 
ther, as  to  b and  a,  before  they  meet  ; and  the 
pencils  themfelves  being  made  to  diverge  by 
paffing  through  the  concave  glafs,  they  enter 
the  eye,  and  form  the  large  picture  a b upon 
the  retina,  whereon  it  is  magnified  under  the 
angle  b Fa. 

But  this  telefcope  has  one  inconveniency  which 
renders  it  unfit  for  moil  purpofes,  which  is,  that 
he  pencils  of  rays  being  made  to  diverge  by 
paffing  through  the  concave  glafs  n o , very  few 
of  them  can  enter  the  pupil  of  the  eye ; and 
therefore  the  field  of  view  is  but  very  linall,  as 
is  evident  by  the  figure.  For  none  of  the  pen- 
cils which  flow  either  from  the  top  or  bottom  of 
the  object  A B can  enter  the  pupil  of  the  eye  at 
C,  but  are  all  flopped  by  falling  upon  the  iris 
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above  and  below  the  pupil : and  therefore,  only 
the  middle  part  of  the  objedt  can  be  feen  when 
the  telefcope  lies  directly-'  toward  it,  by  means 
of  thofe  rays  which  proceed  from  the  middle  of 
the  objt’dh  So  that  to  fee  the  whole  of  it,  the 
telefcope  muft  be  moved  upward  and  downward 
unlefs  tine  object  be  very  remote  ; and  then  it  is 
never  feen  diflinftly. 

This  it  iconvenience  is  remedied  by  fubftitu-  Fig.  5. 
ting  a cen  vex  eye-glafs,  as  g h,  in  place  of  the 
concave  oi  ae  ; and  fixing  it  fo  in  the  tube,  that 
its  focus  m ay  be  coincident  with  the  focus  of  the 
object-glafe  cd,  as  at  E.  For  then,  the  rays 
of' the  penci  ls  flowing  from  the  object  A B , and 
pafling  through  the  objedt-glafs  c d,  will  meet  in 
its  focus,  act  id  form  the  inverted  image  m Ep  : 
and  as  the  ianage  is  formed  in  the  focus  of  the 
eye-glafs  g />,  the  rays  of  each  pencil  will  be  pa- 
rallel, after  pc  fifing  through  that  glafs ; but  the 
pencils  themfe  lyes  will  crofs  in  its  focus,  011  the 
other  fide  as  -at  e : and  the  pupil  of  the  eye 
being  in  this  .focus,  the.  image  will  be  viewed 
through  the  gla  fs,  under  the  angle  ge  h ; and 
being  at  E , it  ^vi.  II  appear  magnified,  fo  as  to  fill 
the  whole  fpace  d ? mep  D. 

But  as  this  tele  -fcope  inverts  the  image  with  1 
refpedt  to  the  obje  cl,  it  gives  an  unpleafant  view 
of  terreftrial  objebt  s ; and  is  only  fit  for  viewing 
the  heavenly  bodies  , in  which  we  regard  not  their 
pofition,  becaule  t heir  being  inverted  does  not 
appear,  on  account  of  their  being  round.  But 
whatever  way  the  oh  je£t  feems  to  move,  this  tele- 
fcope mull  be  movec  l the  contrary  way,  in  order 
to  keep  fight  of  it  ; for,  fince  the  object  is  in- 
verted, its  motion  wil  1 be  fo  too. 

The  magnifying  p ower  of  this  telefcope  is, 
as  the  focal  diftance  of  the  objedl-glafs  to  the 
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focal  di fiance  of  the  eye-glafs.  Therefore,  If  the 
former  be  divided  by  the  latter,  the  quotient  will 
exprefs  the  magnifying  power. 

When  we  fpeak  of  magnifying  by  a telefcope 
or  microfcope,  it  is  only  meant  with  regard  to  the 
diameter,  not  to  thp  area  or  folidity  of  the  objeft. 
But  as  the  inflrument  magnifies  the  vertical  dia- 
meter, as  much  as  it  does  the  horizontal,  it  is 
eafy  to  find  how  much  the  whole  vifible  area  or 
Turface  is  magnified  : for,  if  the  diameters  be 
multiplied  ir.to  one  another,  the  product  will  ex- 
prefs the  magnification  of  the  whole  vifible  area. 
Thus,  fuppofe  the  focal  diflance  of  the  objeft- 
glafs  be  ten  times  as  great  as  the  focal  diflance  of 
the  eye-glafs  ; then,  the  obje£t  will  be  magnified 
ten  times,  both  in  length  and  breadth  : and  io, 
multiplied  by  io,  produces  ioo  ; which  fhews, 
that  the  area  of  the  objeft  will  appear  ido  times 
as  big  when  feen  through  fuch  a telefcope,  as  it 
does  to  the  bare  eye. 

Hence  it  appears,  that  if  the  focal  diflance  of 
the  eye-glafs  were  equal  to  the  focal  diflance  of 
the  objett-glais,  the  magnifying  power  of  the 
telefcope  would  be  nothing. 

This  telefcope  may  be  made  to  magnify  in  any 
given  degree,  provided  it  be  of  a fufficient  length. 
For,  the  greater  the  focal  diflance  of  the  objedt- 
glafs,  the  lefs  may  be  the  focal  diflance  of  the  eye- 
glafs  ; though  not  diredtly  in  proportion.  Thus, 
an  objefl-glafs  of  10  feet  focal  diftance  will  ad- 
mit of  an  eye-glafs  whofe  focal  diftance  is  little 
more  than  2-|  inches ; which  will  magnify  hear  48 
times  : but  an  object-glafs,  of  1 00  feet  focus,  will 
require  an  eye-glafs  fomewhat  more  than  6 inches ; 
and  will  therefore  magnify  almoft  200  times. 

A telefcope  for  viewing  te'rreflrial  objects  fhould 
be  fo  conflrucled,  as  to  ihew  them  in  their  natural 
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pofture.  And  this  is  dona,  by  one  objeft-glafs  Fig.  6. 
c d,  and  three  eye-glades  efgh,ik , fo  placed, 
that  the  diftance  between  any  two,  which  are 
neareft  to  each  other,  may  be  equal  to  the  fum 
of  their  focal  diftances ; as  in  the  figure,  where 
the  focus  of  the  glades  c d and  e f meet  at  F, 
thofe  of  the  glades  ef  and  g h meet  at  /,  and  of 
g b and  i k,  at  m ; the  eye  being  at  n , in  or  near 
the  focus  of  the  eye-glafs  i k , on  the  other  fide. 

Then,  it  is  plain,  that  thefe  pencils  of  rays,  which 
flow  from  the  object  A B,  and  pafs  through 
the  objeft-glafs  c d,  will  meet  and  form  an  in- 
verted image  CFD  in  the  focus  of  that  glafs ; 
and  the  image  being  alfo  in  the  focus  of  the  glafs 
e f the  rays  of  the  pencils  will  become  parallel, 
after  palling  through  that  glafs,  and  crofs  at  /, 
in  the  focus  of  the  glafs  ef ; from  whence  they 
pafs  on  to  the  next  glafs  gb,  and  by  going 
through  it  they  are  converged  to  points  in  its 
other  focus,  where  they  form  an  eredt  image 
E m F , of  the  object  A B : and  as  this  image  is 
alfo  in  the  focus  of  the  eye-glafs  i k , and  the  eye 
on  the  oppofite  fide  of  the  fame  glafs  ; the  image 
, is  viewed  through  the  eye-glafs  in  this  telefcope, 
in  the  fame  manner  as  through  the  eye-glafs  in 
the  former  one  ; only  in  a contrary  pofition,  that 
is,  in  the  fame  pofition  with  the  objedt. 

The  three  glades  next  the  eye  have  all  their 
focal  diflances  equal : ar.d  the  magnifying  power 
of  this  telefcope  is  found  the  fame  way  as  that  of 
the  lad  above  ; viz.  by  dividing  the  focal  diftance 
of  the  objedt-glafs  cd , by  the  focal  diftance  of 
the  eye-glafs  i k,  or  .g  b,  or  ef  fince  all  thefe 
three  are  equal. 

When  the  rays  of  light  are  feparated  by  re- 
fraction, they  become  coloured,  and  if  they  be 
united  again,  they  will  be  a perfect  white.  But 
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Why  the  thofe  rays  which  pafs  through  a convex  glafs> 
object  ap-near  e(]geS5  are  more  unequally  refra&ed  than 
loured0'  ^10^e  which  are  nearer  the  middle  of  the  glafs. 
when  feen  And  when  the  rays  of  any  pencil  are  unequally 
through  refracted  by  the  glafs,  they  do  not  all  meet 
a tele-  agajn  jn  one  ancj  the  fame  point,  but  in  feparate 
points ; which  makes  the  image  indiftinct,  and 
coloured,  about  its  edges.  The  remedy  is,  to 
have  a plate  with  a final l round  hole  in  its  mid- 
dle, fixed  in  the  tube  at  m,  parallel  to  the  glaffes. 
For,  the  wandering  rays  about  the  edges  of  the 
glades  will  be  Hopped,  by  the  plate,  from  coming 
to  the  eye ; and  none  admitted  but  thofe  which 
come  through  the  middle  of  the  glafs,  or  at  lead; 
at  a good  diltance  from  its  edges,  and  pafs  through 
the  hole  in  the  middle  of  the  plate.  But  this 
circumfcribes  the  image,  and  leflens  the  field  of 
view,  which  wx>uld  be  much  larger  if  the  plate 
could  be  difpenfed  with. 

The  re-  The  great  inconvenience  attending  the  ma- 
JleBmg  nagement  of  long  telefcopes  of  this  kind  has 
telefcope.  them  much  into  difufe  ever  fince  the 

reflecting  telefcope  was  invented.  For  one  of  this 
fort,  fix  feet  in  length,  magnifies  as  much  as  one 
of  the  other,  an  hundred  feet.  It  was  invented  by 
Sir  Ifaac  Nezvton,  but  has  received  confiderable 
improvements  fince  his  time ; and  is  now  gene- 
rally conftru&ed  in  the  following  manner,  which 
w'-as  firfl  propofed  by  Dr.  Gregory. 

7.  At  the  bottom  of  the  great  tube  TT'TT , is 
placed  the  large  concave  mirror  DUVF,  whole 
principal  focus  is  at  m ; and  in  its  middle  is  a 
round  hole  P,  oppofitc  to  which  is  placed  the 
fmall  mirror  L,  concave  toward  the  great  one  ; 
and  fo  fixed  to  a ftrong  wire  M,  that  it  may 
be  moved  farther  from  the  great  mirror,  or 
nearer  to  it,  by  means  of  a long  ferew  on  the 
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outfide  of  the  tube,  keeping  its  axis  Hill  in  the 
fame  YmtPm  n with  that  of  the  great  one.— 

Now,  fince  in  viewing  a very  remote  object,  we 
can  fcarce  fee  a point  of  it  but  what  is  at  lead  as 
broad  as  the  great  mirror,  we  may  confider  the 
rays  of  each  pencil,  which  flow  from  every  point 
of  the  objeCt,  to  be  parallel  4:o  each  other,  and 
to  cover  the  whole  reflecting  furface  DUVF. 

But  to  avoid  confufion  in  the  figure,  we  fliall 
only  draw  two  rays  of  a pencil  flowing  from  each 
extremity  of  the  object  into  the  great  tube,  and 
trace  their  progrefs,  through  all  their  reflections 
and  refractions,  to  the  eye  f,  at  the  end  of  the 
finall  tube  tt , which  is  joined  to  the  great  one. 

Let  us  then  fuppofe  the  objeCt  A B to  be  at 
fuch  a diftance,  that  the  rays  C may  flow  from 
its  lower  extremity  B,  and  the  rays  E from  its. 
upper  extremity  A.  Then  the  rays  C,  falling 
parallel  upon  the  great  mirror  at  D,  will  be 
thence  reflected,  converging  in  the  direction 
D G ; and  by  eroding  at  I in  the  principal  focus 
of  the  ntrrror,  they  will  form  the  upper  extre- 
mity /of  the  inverted  image  I K fimilar  to  the 
lower  extremity  B of  the  objeCt  A B~:  and  paf- 
fing  on  to  the  concave  mirror  L (whofe  focus  is 
at  n)  they  will  fall  upon  it  at  g,  and  be  thence  re- 
flected converging  in  the  direction  g N,  becaufe 
gvi  is  longer  than gn;  and  palling  through  the 
hole  P in  the  large  mirror,  they  would  meet 
fomewhere  about  r,  and  form  the  lower  extremity 
b of  the  ereCt  image  a b , fimilar  to  the  lower  ex- 
tremity B of  the  objeCt  A B.  But  by  palling 
through  the  plano-convex  glafs  R in  their  way, 
they  form  that  extremity  of  the  image  at  b. 

In  like  manner,  the  rays  E,  which  come  from  the 
top  of  the  objeCt  A B , and  fall  parallel  upon  the 
great  mirror  at  F , are  thence  reflected  converg-  .? 
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ging  to  its  focus,  where  they  form  the  lower  ex- 
tremity K of  the  inverted  image  IK,  fimilar  to 
the  upper  extremity  A of  the  objed  A B ; and 
thence  palling  on  to  the  final!  mirror  L,  and 
falling  upon  it  at  h,  they  are  thence  reflected  in 
the  converging  ftate  h 0 ; and  going  on  through 
the  hole  P of  the  great  mirror,  they  will  meet 
fomewhere  about  y,  and  from  there  the  upper 
extremity  a of  the  ered  image  a b,  fimilar  to  the 
upper  extremity  A of  the  objed  A B ; but  by 
palling  through  the  convex  glafs  R in  their  way, 
they  meet  and  crofs  fooner,  as  at  a , where  that 
point  of  the  erect  image  is  formed. — The  like 
being  underftood  of  all  thofe  rays  which  flow 
from  the  intermediate  points  of  the  objed,  be- 
tween A and  B , and  enter  the  tube  T T ; all  the 
intermediate  points  of  the  image  between  a and 
b will  be  formed : and  the  rays  palling  on  from 
the  image  through  the  eye-glafs  S,  and  through 
a fmall  hole  e in  the  end  of  the  lefler  tube  t /, 
they  enter  the  eye  f which  fees  the  image  a b 
(by  means  of  the  eye-glafs)  under  jhe  large 
angle  c e d,  and  magnified  in  length,  under  that 
angle  from  c to  d. 

In  the  belt  refleding  telefcopes,  the  focus  of 
the  fmall  mirror  is  never  coincident  with  the 
focus  m of  the  great  one,  where  the  firft  image 
IK  is  formed,  but  a little  beyond  it  (with  refped 
to  the  eye)  as  at  n : the  confequence  of  which  is, 
that  the  rays  of  the  pencils  will  not  be  parallel 
after  refiedion  from  the  fmall  mirror,  but  con- 
verge fo  as  to  meet  in  points  about  y,  e , r ; where 
they  will  form  a larger  upright  image  than  a b , 
if  the  glafs  R was  not  in  their  way ; and  this 
image  might  be  viewed  by  means , of  a Angle 
eye-glafs  properly  placed  between  the  image  and 
the  eye  : but  then  the  field  of  view  would  be 
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-lefs,  and  confequently  not  To  pleafant ; for  which 
reafon,  the  glafs  R is  dill  retained,  to  enlarge  the 
fcope  or  area  of  the  field. 

To  find  the  magnifying  power  of  this  tele- 
fcope,  multiply  the  focal  diftance  of  the  great 
mirror  by  the  diftance  of  the  fmall  mirror  from 
the  image  next  the  eye,  and  multiply  the  focal 
difiance  of  the  fmall  mirror  by  the  focal  diftance 
of  the  eye-glafs : then,  divide  the  produff  of 
the  former  multiplication  by  the  produff  of  the 
latter,  and  the  quotient  will  exprefs  the  magni- 
fying power. 

I lhall  here  fet  down  the  dimenfions  of  one  of 
Mr.  Short’s  refkffing  telefcopes,  as  defcribed  in 
Dr.  Smith’s  Optics. 

The  focal  diftance  of  the  great  mirror  9.6 
inches,  its  breadth  2.3  ; the  focal  diftance  of  the 
fmall  mirror  1.5,  its  breadth  0.6:  the  breadth 
of  the  hole  in  the  great  mirror  0-5  ; the  diftance 
between  the  fmall  mirror  and  the  next  eye-glafs 
14.2  ; the  diftance  between  the  two  eye-glalfes 
2.4  ; the  focal  diftance  of  the  eye-glafs  next  the 
metals  3.8  ; and  the  focal  diftance  of  the  eye- 
glafs  next  the  eye  1.1. 

One  great  advantage  of  the  refleffing  tele- 
fcope  is,  that  it  will  admit  of  an  eye-glafs  of  a 
much  fhorter  focal  diftance  than  a refrafting 
telefcope  will ; and,  confequently,  it  will  mag- 
nify fo  much  the  more  : for  the  rays  are  not  co- 
loured by  refleQion  from  a concave  mirror,  if  it 
be  ground  to  a true  figure,  as  they  are  by  palling 
through  a convex-glais,  let  it  be  ground  ever  fo 
true. 

I he  adjufting  fcrew  on  the  outfide  of  the 
great  tube  fits  this  telefcope  to  all  forts  of  eyes, 
by  bringing  the  fmall  mirror  either  nearer  to 
the  eye,  or  removing  it  farther ; by  which 

means. 
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means,  the  rays  are  made  to  diverge  a little  for 
fhort-fighted  eyes,  or  to  converge  for  thole  of  a 
long  fight. 

! . The  nearer  an  objedt  is  to  the  telefcope,  the 
more  its  pencils  of  rays  will  diverge  before  they 
fall  upon  the  great  mirror,  and  therefore  they 
will  be  the  longer  of  meeting  in  points  after  re- 
flection ; fo  that  the  firft  image  I K will  be 
formed  at  a greater  diflance  from  the  large  mir- 
ror when  the  objedt  is  near  the  telefcope,  than 
when  it  is  very  remote.  But  as  this  image  mud 
be  formed  farther  from  the  -lmall  mirror  than  its 
principal  focus  n,  this  mirror  muft  be  always  fet 
at  a greater  diflance  from  the  large  one,  in  view- 
ing near  objects,  than  in  viewing  remote  ones. 
And  this  is  done  by  turning  the  fcrew  on  the  out- 
fide  of  the  tube,  until  the  fmall  mirror  be  fo  ad- 
jufted,  that  the  object  (or  rat'her  its  image)  ap- 
pears perfedt. 

In  looking  through  any  telefcope  toward  an 
object,  we  never  fee  the  object  itfelf,  but  only 
that  image  of  it  which  is  formed  next  the  eye  in 
the  telefcope.  For,  if  a man  holds  his  finger  or  a 
flick  beween  his  bare  eye  and  an  object,  it  will 
hide  part  (if  not  the  whole)  of  the  objedt  from 
fiis  view.  But  if  he  ties  a flick  acrofs  the  mouth 
of  a telefcope,  before  the  object-glafs,  it  will  hide 
no  part  of  the  imaginary  objedt  lte  law  through 
the  telefcope  before,  unlefs  it  covers  the  whole 
mouth  of  the  tube : for,  all  the  effect  will  be 
to  make  the  objedt  appear  dimmer,  becaufe  it 
intercepts  part  of  the  rays.  "Whereas,  if  he  puts 
only  a piece  of  wire  acrofs  the  inlide  of  the  tube, 
between  the  cye-glafs  and  his  eye,  it  will  hide 
part  of.  the  objedt  which  he  thinks  he  fees : which  . 
proves  that  he  fees  not  the  real  objedt,  but  its" 
image.  This  is.  alfo  confirmed  by  means  of  the 
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imall  mirror  L,  in  the  refleding  telefcope  which 
is  made  of  opaque  metal,  and  hands  diredly  ber 
tween  the  eye  and  the  objed  toward  which  the 
telefcope  is  turned  ; and  will  hide, the  whole  ob- 
jed  from  the  eye  at  e , if  the  two  gjafles  R and 
61  are  taken  out  of  the  tube. 

The  multiplying  glafs  is  made  by  grinding  pjate' 
.down  the  round  fide  h i k of  a convex  glafs  A B XIX. 
into  feveral  flat  furfaces,  as  h b,b  Id,  d k.  An  l-  . 
objed  C will  not  appear  magnified,  when  feen 
through  this  glafs,  by  the  eye  at  H\  but  it  will glajsf 
appear  multiplied  into  as  many  different  objeds 
as  the  glafs  contains  plane  furfaces.  For,  fmoe 
rays  will  flow  from  the  objed  C to  all  parts  of 
the  glafs,  and  each  plane  furface  will  refrad  thefe 
rays  to  the  eye,  the  fame  objed  will  appear  to 
the  eye,  in  the  diredion  of  the  rays  which  enter 
it  through  each  furface.  TJius,  a ray  g i H, 
falling  perpendicularly  on  the  middle  furface, 
will  go  through  the  glafs  to  the  eye  without  fuf- 
fering  any  refradion  ; and  will  therefore  fhew 
the  objed  in  its  true  place  at  C:  while  a ray  a b , 
flowing  from  the  fame  objed,  and  falling  ob- 
liquely on  the  plane  furface  b h , will  be  refraded 
in  the  diredion  b e,  by  palling  through  the  glafs  ; 
and  upon  leaving  it,  will  go  on  to  the  eye  in  the 
diredion  e H ; which  will  caufe  the  fame  objed 
C to  appear  alfo  at  E , in  the  diredion  of  the  ray 
He,  produced  in  the  right  line  Hen.  And  the 
ray  c d,  flowing  from  the  objed  C,  and  falling 
obliquely  on  the  fame  furface  d k,  will  be  refrad- 
ed  (by  pafling  through  the  glafs  and  leaving  it 
at  f)  to  the  eye  at  H ; which  will  caufe  the  fame 
.objed  to  appear  at  D , in  the  diredion  Hfm. — 

If  the  glafs  be  turned  round  the  line  glH,  as 
an  axis,  the  objed  C will  keep  its  place,  becaufe 
the  furface  bid  is  not  removed  5 but  all  the 

other 
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other  objeds  will  feem  to  go  round  C,  becaufe 
the  oblique  planes,  on  which  the  rays  a b,  cd 
fall,  will  go  round  by  the  turning  of  the  glafs. 
Fig.  2.  The  camera  ohfcura  is  made  by  a convex-glafs 
The  came-  C D placed  in  a hole  of  a window-fhutter. 
r a ohfcura.  Then,  if  the  room  be  darkened  fo  as  no  light 
can  enter  but  what  comes  through  the  glafs,  the 
pictures  of  all  the  objeds  (as  fields,  trees,  build- 
ings, men,  cattle,  &c.)  on  the  outfide,  will  be 
fhewn  in  an  inverted  order,  on  a white  paper 
placed  at  G H in  the  focus  of  the  glafs  ; and 
will  afford  a mo, ft  beautiful  and  perfed  piece  of 
perfpedive  or  landfcape  of  whatever  is  before 
the  glafs  ; efpecially  if  the  fun  Haines  upon  the 
objeds. 

If  the  convex  glafs  C D be  placed  in  a tube  in 
the  fide  of  a fquare  box,  within  which  is  the 
plane  mirror  E F,  reclining  backward  in  an 
angle  of  45  degrees  from  the  perpendicular  k y, 
the  pencils  of  rays  flowing  from  the  outward  ob- 
jeds,  and  pafling  through  the  convex  glafs  to 
the  plane  mirror,  will  be  refleded  upwrard  from 
it,  and  meet  in  points,  as  I and  K (at  the  fame 
diftance  that  thev  w'ould  have  met  at  H and 

J 

G,  if  the  mirror  had  not  been  in  the  way)  and 
will  form  the  aforefaid  images  on  an  oiled  paper 
firetched  horizontally  in  the  diredion  / A" ; on 
which  paper,  the  outlines  .of  the  images  may 
be  eafily  drawn  with  a black-lead  pencil ; and 
then  copied  on  a clean  fheet,  and  coloured  by 
art,  as  the  objeds  themfelves  are  by  nature. — 
In  this  machine,  it  is  ufual  to  place  a plane  glafs, 
unpolifhed,  in  the  horizontal  fituation  I K>  which 
glafs  receives  the  images  of  the  outward  objeds ; 
and  their  outlines  may  be  traced  upon  it  by  a 
black-lead  pencil. 


N.  B. 
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N.  B.  The  tube  in  which  the  convex  glafs 
CD  is  fixed,  mu  ft  be  made  to  draw  out,  or  pufti 
in,  fo  as  to  adjuft  the  di fiance  of  that  glafs  from 
the  plain  mirror,  in  proportion  to  the  diftance 
of  the  outward  objecls  ; which  the  operator  does, 
until  he  fees  their  images  diftindtly  painted  on 
the  horizontal  glafs  at  I K. 

The  forming  a horizontal  image,  as  IK,  of  an 
upright  object  A B , depends  upon  the  angles  ot 
incidence  of  the  rays  upon  the  plane  mirror  EF, 
being  equal  to  their  angles  • of  reflection  from 
it.  For,  if  a perpendicular  be  fuppofed  to  be 
drawn  to  the  furface  of  the  plane  mirror  at  e , 
where  the  ray  A a Ce  falls  upon  it,  that  ray  will 
be  reflected  upward  in  an  equal  angle  with  the 
other  fide  of  the  perpendicular,  in  the  line  e d I. 
Again,  if  a perpendicular  be  drawn  to  the  mir- 
ror from  the  point  f,  where  the  ray  Abf  falls 
upon  it,  that  ray  will  be  reflected  in  an  equal 
angle  from  the  other  fide  of  the  perpendicular,  in 
the  lin tfh  I.  And  if  a perpendicular  be  drawn 
from  the  point  g , where  the  ray  A eg  falls  upon 
the  mirror,  that  ray  will  be  reflected  in  an  equal 
angle  from  the  other  fide  of  the  perpendicular, 
in  the  line  g i I.  So  that  all  the  rays  of  the  pencil 
a be,  flowing  from  the  upper  extremity  of  the 
object  A B,  and  palling  through  the  convex  glafs 
C D to  the  plane  mirror  E F,  will  be  reflected 
from  the  mirror  and  meet  at  /,  where  they  will 
form  the  extremity  I of  the  image  IK,  fimilar 
to  the  extremity  A of  the  object  A B.  The 
like  is  to  be  underftood  of  the  pencil  qrs,  flow- 
ing from  the  lower  extremity  of  the  objeCt  A B, 
and  meeting  at  K (after  reflection  from  the  plane 
mirror)  the  rays  form  the  extremity  K of  the 
image,  fimilar  to  the  extremity  B of  the  object : 
and  fo  of  all  the  pencils  that  flow  from  the  in- 
termediate 


240  Of  Optics , 

termediate  points  of  the  objedt  to  the  mirror, 
through  the  convex  glafs. 

Th copera-  If  a convex  glafs,  of  a fliort  focal  diftance,  be 
glafs.  placed  near  the  plane  mirror,  in  the  end  of  a 
ihort  tube,  and  a convex  glafs  be  placed  in  a 
hole  in  the  fide  of  the  tube,  fo  as  the  image  may 
be  formed  between  the  lad-mentioned  convex 
glafs,  and  the  plane  mirror,  the  image  being 
viewed  through  this  glafs  will  appear  magnified. 
— In  this  manner  the  opera-glafes  are  conftrudt- 
ed ; with  which  a gentleman  may  look  at  any 
lady  at  a diftance  in  the  company,  and  the  lady 
know  nothing  of  it. 

The  com-  The  image  of  any  objedt  that  is  placed  before 
mon  look-  a plane  mirror,  appears  as  big  to  the  eye  as  the 
V,S s,nfs‘  object  itfelf;  and  is  eredt,  diftindt,  and  feenu 
ingly  as  far  behind  the  mirror,  as  the  object  is 
before  it : and  that  part  of  the  mirror,  which 
refledts  the  image  of  the  objedt  to  the  eye,  (the 
eye  being  fuppofed  equally  didant  from  the  glafs 
with  the  objedt,)  i^  juft  half  as  long  and  half  as 
Fig  3.  broad  as  the  objedt  itfelf.  Let  A B be  an  ob- 
ject placed  before  the  refledting  furface  ghi  of 
the  plane  mirror  CD ; and  let  the  eye  be  at  0. 
Let  A h be  a ray  of  light  flowing  from  the  top 
A of  the  objedt,  and  falling  upon  the  mirror  at 
h : and  h m be  a perpendicular  to  the  furface  of 
the  mirror  at  h , the  ray  Ah  will  be  refledted 
from  the  mirror  to  the  eye  at  0,  making  an 
angle  m h 0 equal  to  the  angle  A h m : then  will 
the  top  of  the  image  E appear  to  the  eye  in  the 
diredtion  of  the  refledted  ray  0 h produced  to  E , 
where  the  right  line  A p E,  from  the  top  of  the 
objedt,  cuts  the  right  line  0 h E , at  E.  Let  B i 
be  a ray  of  light  proceeding  from  the  foot  of 
the  objedt  at  B to  the  mirror  at  /,  and  ni  a 
perpendicular  to  the  mirror  from  the  point  i> 

where 
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where  the  ray  B i falls  upon  it : this  ray  will  be 
reflected  in  the  line  i 0 making  an  angle  n i 0 , 
equal  to  the  angle  Bin,  with  that  perpendi- 
cular, and  entering  the  eye  at  0 : then  will  the 
foot  F of  the  image  appear  in  the  diredion  of 
the  reflected  ray  oi,  produced  to  F,  where  the 
right  line  B F cuts  the  reflected  ray  produced  to 
r.  All  the  other  lays  that  flow  from  the  inter- 
mediate points  of  the  objed  A B,  and  fall  upon 
the  mirror  between  h and  i,  will  be  refleded  to 
the  eye  at  0 ; and  all  the  intermediate  points  of 
the  image  E F will  appear  to  the  eye  in  the  di- 
redion-line  of  thefe  refleded  rays  produced. 

But  all  the  rays  that  flow  from  the  objed,  and 
tall  upon  the  mirror  above  h,  will  be  refleded 
back  above  the  eye  at  and  all  the  rays  that 
flow  from  the  objed,  and  fall  upon  the  mirror 
below  /,  will  be  refleded  back  below  the  eye  at 
°f,  fo  that  none  of  the  rays  that  fall  above  F or 

be L°jV’  Can  be  refleaed  to  the  eye  at  0 ; and 
the  diftance  between  h and  i is  equal  to  half  the 
length  of  the  objed  A B. 

. Hen?e  n appears,  that  if  a man  fee  his  whole  A man 
image  in  a plane  lookmg-glafs,  the  part  of  the  *ffl  fee 
glals  that  refleds  his  image  mult  be  juft  half  as  his 
iong  and  half  as  broad  as  himfelf,  let  him  ftand  l-plane 

La^7  nin  ftnCC  fr°mnlt:  Wi-atever  5 and  that  his  glaft’Tat 
image  muft  appear  juft  as  far  behind  the  glafs  as  « but  half 

llf,f  "I1"',  Thm’  the  mau  viewing ^igh, 
mfelf  m the  plane  mirror  CD,  which  is  juft  4‘ 

haif  as  long  as  himfelf,  fees  his  whole  imagf  as 

In  l rd  ‘he  glafs’  exa£H>'  equal  to  his 
eye  at  A nT‘f  A C Proceeding  from  his 
fm  f.  f ^ lllg  PerPendicularly  upon  the  • 

eye  ft'  tlfe'f:  S'f  “‘df  reflected  back  to  hk 
i I .j:  f me  lme  CA;  anil  the  eve  of  his 

W,U  aPPear  at  £<  in  the  fame  ’line  pro- 

duced 
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cluced  to  E , beyond  the  glafs.  And  a ray  B D+ 
flowing  from  his  foot,  and  falling  obliquely  on 
the  glafs  at  D , will  be  reflected  as  obliquely  on 
the  other  fide  of  the  perpendicular  ab  D,  in  the 
direction  DA ; and  the  foot  of  his  image  will 
appear  at  F,  in  the  direction  of  the  reflected  ray 
A D,  produced  to  F , where  it  is  cut  by  the  right 
line  BGF , drawn  parallel  to  the  right  line  AC E. 
Juft  the  fame  as  if  the  glafs  where  taken  away, 
and  a real  man  flood  at  F,  equal  in  fize  to  the 
man  Handing  at  B : for  to  his  eye  at  A , the  eye 
of  the  other  man  at  E , would  be  feen  in  the  di- 
rection of  the  line  ACE ; and  the  foot  of  the 
man  at  F would  be  feen  by  the  eye  A , in  the  di- 
rection of  the  line  ADF. 

If  the  glafs  be  brought  nearer  the  man  AB , 
as  fuppofe  to  cb,  he  will  fee  his  image  as  at 
C D G : for  -the  reflected  ray  CA  (being  perpen- 
dicular to  the  glafs)  will  lhew  the  eye  of  the 
Image  as  at  C ; and  the  incident  ray  B b,  being 
reflected  in  the  line  b A,  will  fhew  the  foot  of  his 
image  as  at  G ; the  angle  of  reflection  abA  being 
always  equal  to  the  angle  of  incidence  B b a: 
and  lo  of  all  the  intermediate  rays  from  A to  B. 
Hence,  if  the  man  A B advances  toward  the 
glafs  CD,  his  image  will  approach  toward  it  \ 
and  if,  he  recedes  from  the  glafs,  his  image  will 
alfo  recede  from  it. 

Having  already  fhewn,  that  the  rays  of  light 
are  refraCted  when  they  pafs  obliquely  through 
different  mediums,  we  come  now  to  prove  that 
feme  rays  are  more  refrangible  than  others  ; and 
that,  as  they  are  differently  refraCIed^-  they  excite 
in  our  minds  the  ideas  of  different  colours.  This 
will  account  for  the  colours  feen  about  the  edges 
of  the  images  of  thole  objeCts  which  are  viewed, 
through  fome  telefcopes* 


Let: 
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Let  the  fun  fhine  into  a dark  room  through  a Fig.  5. 
fmall  hole,  as  at  e c,  in  a window-fhutter ; and 
place  a triangular  prifm  BC  in  the  beam  of  rays 
Ay  in  fuch  a manner,  that  the  beam  may  fall 
obliquely  on  one  of  the  Tides  abC  of  the  prifm. 

The  rays  will  fuffer  different  refra&ions  by  pa  fling 
through  the  prifm,  fo  that  inftead  of  going  all  The 
out  of  it  on  the  fide  dcCfm  one  di  region,  they  prifm. 
will  goon  from  it  in  the  different  directions  re- 
prefented  by  the  lines/,  g,  h,  i,  k,  /,  m,  n ; and 
falling  upon  the  oppofite  fide  of  the  room,  or 
on  white  paper  placed  as  at  p q to  receive  them, 
they  will  paint  upon  it  a feries  of  molt  beautiful 
lively  colours  (not  to  be  equalled  by  art)  in  this  The 
order,  viz.  thofe  rays  which  are  lead  refra&ed  by  lours  of 
the  prifm,  and  will  therefore  go  on  between  the  t^>e 
lines  n and  m,  will  be  of  a very  bright  intenfe 
red  at  n,  degenerating  from  thence  gradually 
into  an  orange  colour,  as  they  are  nearer  the  line 
m : the  next  will  be  of  a fine  orange  colour  at 
m>  and  from  thence  degenerate  into  a yellow  co 
lour  toward  l:  at  l they  will  be  of  a fine  yellow 
which  will  incline  toward  a green,  more  and 
more,  as  they  are  nearer  and  nearer  k • at  k they 
wfil  be  a pure  green,  but  from  thence  toward  i 
they  w,n  incl,nc  gradually  to  a blue  : at  i they 
will  be  a perfect  blue,  inclining  to  an  indigo  co- 
lour from  thence  toward  at  b they  will  be 
quite  the  colour  of  indigo,  which  will  gradualiv 
change  toward  a violet,  the  nearer  they  are  to 

Ihirh  7 WU1  be  °fa  fine  v^lct  colour , 

which  will  incline  gradually  to  a red  as  they 

come  nearer  to  / where  the  coloured  inlag^ 

/ 

1S  ?0t  30  erqml  Cluantity  of  rays  in  each 

he  11  r n ’ for  lf  the  oblon8  W P 9 
be  divided  into  360  equal  parts,  the  reel  fpacc 
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R will  take  up  45  of  thefe  parts  j the  orange  0, 
17  i the  yellow  Y,  48  ; the  green  G , 66;  the 
blue  B,  60  ; the  indigo  /,  40  ; and  the  violet  V , 
80;  all  which  fpacesare  as  nearly  proportioned  in 
the  figure  as  the  fmall  fpace  p q would  admit  of. 

If  all  thefe  colours  be  blended  together  again, 
thev  will  make  a pure  white  ; as  is  proved  thus. 
Take  away  the  paper  on  which  the  colours/)  q 
fell,  and  place  a large  convex  glafs  D in  the  rays 
f gt  b}  &c.  which  will  refradt  them  fo,  as  to  make 
them  unite  and  crofs  each  other  at  JV>  where,  if 
a white  paper  be  placed  to  receive  them,  they 
will  excite  the  idea  of  a ftrong  lively  white.  But 
if  the  paper  be  placed  farther  from  the  glafs,  as 
at  r Sy  the  different  colours  will  appear  again  upon 
it,  in  2n  inverted  order,  occafioned  by  the  rays 
croffing  at  IV. 

As  white  is  a compofition  of  all  colours,  fo 
black  is  a privation  of  them  all,  and,  therefore, 
properly  no  colour. 

Let  two  concentric  circles  be  drawn  on  a 
fmooth  round  board  A B C D E F G,  and  the 
outermoft  of  them  divided  into  360  equal  parts 
or  degrees:  then,  draw  feven  right  lines,  as  O A , 
G F,&c.  from  the  center  to  the  outermoft  circle; 
making  the  lines  O A and  O B include  80  de- 
grees of  that  circle  ; the  lines  O B and  O C 40 
degrees;  O C and  O D 60  ; o D and  O E 60 ; 
0 E and  Q F 48  ; Q Fand  Q G 27  ; © G and  Q 
A 45.  Then,  between  thefe  two  circles,  paint  the 
fpace  A G red,  inclining  to  orange  near  G ; GF 
orange,  inclining  to  yellow  near  F;  FE  yellow,  f 
inclining  to  green  near  E ; E D green,  inclining 
to  blue  near  D ; D C blue,  inclining  to  indigo 
near  C-,  C B indigo,  inclining  to  violet  near#; 
and  BA  violet,  inclining  to  a fofc  red  near  A.  \ 
This  done,  paint  all  that  part  of  the  board  black  i 

which 
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which  lies  within  the  inner  circle ; and  putting  All  the 
an  axis  through  the  center  of  the  board,  let  it  PH^iatic 
be  turned  very  fwifdy  round  that  axis*  fo  as  the  tended 
rays  proceeding  from  the  above  colours,  may  be  together, 
all  blended  and  mixed  together  in  coming  to  make  a 
the  eye;  and  then,  the  whole  coloured  part°will  white- 
appear  like  a white  ring,  a little  greyifli ; not 
perfe&Iy  white,  becaufe  no  colours  prepared  by- 
art  are  perfect. 

Any  of  thefe  colours,  except  red  and  violet, 
may  be  made  by  mixing  together  the  two  con- 
tiguous prifmatic  colours.  Thus,  yellow  is  made 
by  mixing  together  a due  proportion  of  orange 
and  green  ; and  green  may  be  made  by  a mix- 
ture ofyellow  and  blue. 

All  bodies  appear  of  that  colour,  whofe  rays 
t ey  re  fie  61:  moftj  as  a body  appears  red  when 
it  reflects  moll  of  the  red-making  rays,  and  ab- 
forbs  the  reft. 


Any  two  or  more  colours  that  are  quite  tranf-  Tranfpa* 
parent  by  themfelves,  become  opaque  when  put  rent  co- 
together.  Thus,  if  water  or  fpirits  of  wine  be  lo“r!  be* 
tinged  red,  and  put  in  a phial,  every  objeft  fee n Z'.e 
through  it  will  appear  red;  becaufe  it  lets  only  if  potto- 
the  red  rays  pafs  through  it,  and  flops  all  the  gather. 

; p-,Wan  ru°-r  frlK  be  tin8ed  blue,  and  pu't 
in  a phial,  all  objefis  feen  through  it  will  appear 

blue,  becaufe  it  tranfmits  only  the  blue  rays,  and 
flops  all  the  reft.  But  if  thefe  two  phials  are 
held  clofe  together,  fo  as  both  of  them  may  be 
between  the  eye  and  objedf,  the  objeft  will  no 
more  be  feen  through  them  than  through  a plate 
of  metal ; for  whatever  rays  are  tranfmitted 
through  the  fluid  in  the  phial  next  the  Xedt 

are  ft°ppcd  by  that  in  ^ 

round5  ‘ZT™'  "‘l  phiak  oughc  »<*  to 

’ but  fquare;  becaufe  nothing  but  the 
R 2 light 
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light  itlelf  can  be  feen  through  a round  tranfpa- 
rent  body,  at  any  diftance. 

As  the  rays  of  light  fufFer  different  degrees  of 
refradtion  by  palling  obliquely  through  a prffm, 
or  through  a convex  glafs,  and  are  thereby  fepa- 
rated  into  all  the  feven  original  or  primary  co- 
lours ; fo  they  alfo  fufFer  different  degrees  of  re- 
fraction by  paffing  through  drops  of  falling  rain; 
and  then,  being  reflected  toward  the  eye,  from 
the  Tides  of  thefe  drops  which  are  fartheft  from 
the  eye,  and  again  refradled  by  paffing  out  of 
thefe  drops  into  the  air,  in  which  refradled  direc- 
tions they  come  to  the  eye  ; they  make  all  the 
colours  to  appear  in  the  form  of  a fine  arch  in 
the  heavens,  which  is  called  the  rain-bow. 

There  are  always  two  rain-bows  feen  together, 
the  interior  of  which  is  formed  by  the  rays  a bt 
which  falling  upon  the  upper  part  b,  of  the  drop 
Fig.  7.  bed,  are  refradled  into  the  line  b c as  they  enter 
the  drop,  and  are  refledled  from  the  back  of  it  at 
<r,  in  the  line  c d , and  then,  by  pafFing  out  of  the 
drop  into  air,  they  are  again  refradled  at  d\  and 
from  thence  they  pafs  on  to  the  eye  at  e : fo  that 
to  form  the  interior  bow,  the  rays  fufFer  two  re- 
fradhons,  as  at  b and  d ; and  one  refledlion,  as 
at  c. 

The  exterior  bow  is  formed  by  rays  which 
fufFer  two  refledtions,  and  two  refradlions ; 
which  is  the  occafion  of  its  being  lefs  vivid  than 
the  interior,  and  aifo  of  its  colours  being  invert-  • 
ed  with  refpedt  to  thofe  of  the  interior.  For,  j 
when  a ray  a b falls  upon  the  lower  part  of  the 
drop  b c d e,  it  is  refradled  into  the  diredlion  b c 
Fig.  8.  by  entering  the  drop;  and  paffing  On  to  the  ! 
back  of  the  drop  at  c , it  is  thence  refledled  in  the  : 
line  c d,  in  which  diredlion  it  is  impoffible  for 
it  to  enter  the  eye  ar  f:  but  by  being  again  re- 
flected 
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fle&ed  from  the  point  d of  the  drop,  it  goes  on  in 
the  drop  to  e,  where  it  pafies  out  of  the  drop  into 
the  air,  and  is  there  refracted  downward  to  the 
eye,  in  the  direction  e f. 
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LECT.  VIII.  and  IX. 

Jibe  defer  if  tion  and  ufe  of  the  globes , and  armillary 

Jfhere. 

IF  a map  of  the  world  be  accurately  delineated 
on  a fpherical  ball,  the  furface  thereof  will 
reprefent  the  furface  of  the  earth  ; for  the  higheft 
hills  are  fo  inconfiderable  with  refpeft  to  the  bulk 
of  the  earth,  that  they  take  off  no  more-  from  its 
roundnefs,  than  grains 'of  fand  do  from  the  round- 
nefs  of  a common  globe  ; for  the  diameter  of 
the  earth  is  8000  miles  in  round  numbers,  and 
no  known  hill  upon  it  is  three  miles  in  perpendi- 
cular height. 

That  the  earth  is  fpherical,  or  round  like  a 
globe,  appears,  1.  From  its  calling  a round 
fhadow  upon  the  moon,  whatever  fide  be  turned 
toward  her  when  fhc  is  eclipfed.  2.  From  its 
having  been  failed  round  by  feveral  perfons. 
3.  From  our  feeing  the  farther,  the  higher  we 
Hand.  4.  From  our  feeing  the  marts  of  a fbip, 
while  the  hull  is  hid  by  the  convexity  of  the 
water. 

The  attractive  power  of  the  earth  draws  all 
terreftrial  bodies  towards  its  center  j as  is  evi- 
dent from  the  defeent  of  bodies  in  lines  perpen- 
dicular to  the  earth’s  furface,  at  the  places 
whereon  they  fall;  even  when  they  are  thrown 
off  from  the  earth  on  oppofite  .fides,  and  con- 
fequently  in  oppofite  directions.  So  that  the 
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earth  may  be  compared  to  a great  magnet  rolled 
in  filings  of  fteel,  which  attra&s  and  keeps  them 
equally  fall  to  its  furface  on  all  Tides.  Hence, 
as  all  terreftrial  bodies  are  attracted  toward  the 
earth’s  center,  they  can  be  in  no  danger  of  fall- 
ing from  any  fide  of  the  earth,  more  that!  from 
any  other. 

The  heaven  or  fky  furrounds  the  whole  earth ; 
Up  and  and  when  we  fpeak  of  up  or  down,  we  mean  only 
with  regard  to  ourfelves ; for  no  point,  either 
whac‘  in  the  heaven,  or  on  the  furface  of  the  earthy  is 
above  or  below,  but  only  with  refpefl  to  ourfelves. 
And  let  us  be  upon  what  part  of  the  earth  we 
will,  we  (land  with  our  feet  toward  its  center, 
and  our  heads  toward  the  Iky  : and  fo  we  fay, 
it  is  up  toward  the  fky,  and  down  toward  the  cen- 
ter of  the  earth. 

All  ob-  To  an  obferver  placed  any  where  in  the  in- 
th^hea  ^e^n^te  fpace’  where  there  is  nothing  to  limit 
ven  ap-  his  view,  all  remote  obje&s  appear  equally 
peare-  diftant  from  him,  and  feem  to  be  placed  in  a 
qually  vaft  concave  fphere,  of  which  his  eye  is  the 
diftant.  center.  Every  aftronomer  can  demonftrate, 
that  the  moon  is  much  nearer  to  us  than  the  fun 
is ; that  fome  of  the  planets  are  fometimes 
nearer  to  us,  and  fometimes  farther  from  us, 
than  the  fun  that  others  of  them  never  come  fo 
near  us  as  the  fun  always  is ; that  the  remote!!: 
planet  in  our  fyftem,  is  beyond  companion, 
nearer  to  us  than  any  of  the  fixed  ftars  are  j and. 

' that  it  is  highly  probable  fome  ftars  are,  in  a.: 
manner,' infinitely  more  diftant  from  us  than  j 
others ; and  yet  all  thefe  ecleftial  obje&s  ap--j 
pear  equally  diftant  from  us.  Therefore*  if  we  I 
The  face  imagine  a large  hollow  fphere  of  glals  to  have., 
of  the  as  many  bright  ftuds  fixed  to  its  infide,  as- 
hcaven  , there  are  ftars  vifible  in  the  heaven,  and  thefe  * 
»nd  «arth  ■ ft uds 4 
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ftuds  to  be  of  different  magnitudes,  and  placed  reprefent- 
at  the  fame  angular  diftancfcs  from  each  other  ed  ™ a 
as  the  ftars  are ; the  fphere  will  be  a true  re-  machme’ 
prefentation  of  the  ffarry  heaven,  to  an  eye  fup- 
pofed  to  be  in  its  center,  and  viewing  it  all 
around.  And  if  a fmall  globe,  with  a map  of 
the  earth  upon  it,  be  placed  on  an  axis  in  the 
center  of  this  ftarry  fphere,  and  the  fphere  be 
made  to  turn  round  on  this  axis,  it  will  repre- 
fent  the  apparent  motion  of  the  heavens  round 
the  earth. 

If  a great  circle  be  fo  drawn  upon  this  fphere, 
as  to  divide  it  into  two  equal  parts,  or  hemi- 
fpheres,  and  the  plane  of  the  circle  be  perpen*- 
dicular  to  the  axis  of  the  fphere,  this  circle  will 
reprefent  the  equinoftial>  which  divides  the  hea-  Th eequi- 
ven  into  two  equal  parts,  called  the  northern  and  nodial. 
the  fouthern  hemifpheres ; and  every  point  of  that 
circle  will  be  equally  diftanc  from  the  poles , or  The  poles 
ends  of  the  axis  in  the  fphere.  That  pole  which 
is  in  the  middle  of  the  northern  hemifphere, 
will  be  called  the  north  pole  of  the  fphere , and 
that  which  is  in  the  middle  of  the  fouthern  he- 
mifphere, the  fouthpole. 

If  another  great  circle  be  drawn  upon  the 
fphere,  in  fuch  a manner  as  to  cut  the  equinoc- 
tial at  an  angle  of  234  degrees  in  two  oppofite 
points,  it  will  reprefent  the  ecliptic^  or  circle  of  T, 
the  fun’s  apparent  annual  motion  j one  half  of  J,  " 
which  is  on  the  north  fide  of  the  equinodtial,  and 
the  other  half  on  the  foutb. 

If  a large  ftud  be  made  to  move  eaftward  in 
this  ecliptic,  in  fuch  a manner  as  to  go  quite 
round  it,  in  the  time  that  the  fphere  is  turned 
round  weftward  366  times  upon  its  axis ; this 
ftud  will  reprefent  the>»,  changing  his  place  ^ 
every  day  a 365th  part  of  the  ecliptic  ; and  rhe>* 
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round  weftward,  the  fame  way  as  the 
ftars  do  ; but  with  a motion  fo  much  flower  than 
the  motion  of  the  {tars,  that  they  will  make  366 
revolutions  about  the  axis  of  the  fphere,  in  the 
time  that  the  fun  makes  only  365.  During  one 
half  of  thefe  revolutions,  the  fun  will  be  on  the 
north  fide  of  the  equino&ial ; during  the  other 
half,  on  the  fouth  ; and  at  the  end  of  each  half 
in  the  equinoctial. 

If  we  fuppofe  the#  terreflrial  globe  in  this  ma- 
chine to  be  about  one  inch  in  diameter,  and  the 
diameter  of  the  ftarry  fphere  to  be  about  five 
or  fix  feet,  a fmall  infeCl  on  the  globe  would  fee 
only  a very  little  portion  of  its  furface  ; but  it 
would  fee  one  half  of  the  ftarry  fphere  j the  con- 
vexity of  the  globe  hiding  the  other  half  from  its 
view.  If  the  fphere  be  turned  weftward  round 
the  globe,  and  the  infeCl  could  judge  of  the  ap- 
pearances which  arife  from  that  motion,  it  would 
fee  fome  {tars  rifing  to  its  view  in  the  eaftern 
fide  of  the  fphere,  while  others  were  fetting  on 
the  weftern  : but  as  all  the  (tars  are  fixed  to  the 
fphere,  the  fame  ftars  would  always  rife  in  the 
fame  points  of  view  on  the  eaft  fide,  and  fet  in 
the  fame  points  of  view  on  the  weft  fide.  With 
the  fun  it  would  be  otherwife,  becaufe  the  fun 
is  not  fixed  to  any  point  of  the  fphere,  but 
moves  flowly  along  an  oblique  circle  in  it.  And 
if  the  infeCt  fhould  look  toward  the  fouth,  and 
call  that  point  of  the  globe,  where  the  equi- 
noctial in  the  fphere  feems  to  cut  it  on  the  left 
fide,  the  eaji  point;  and  where  it  cuts  the  globe 
on  the  right  fide,  the  weft  point  ; the  little  ani- 
mal would  fee  the  fun  rile  north  of  the  eaft,  and 
fet  north  of  the  weft,  for  1824  revolutions; 
after  which,  for  as  many  more,  the  fun  would 
rife  fouth  of  the  eaft,  and  fee  fouth  of  the 

weft. 
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weft.  And  in  the  whole  365  revolutions,  the 
fun  would  rife  only  twice  in  the  eaft  point,  and 
fet  twice  in  the  weft.  All  thefe  appearances  would 
be  the  fame,  'if  the  ftarry  fphere  flood  ftil!  (the 
fun  only  moving  in  the  ecliptic)  and  the  earthly 
globe  were  turned  round  the  axis  of  the  fphere 
eaftward.  For,  as  the  infect  would  be  carried 
round  with  the  globe,  he  would  be  quite  infen- 
fible  of  its  motion ; and  the  fun  and  liars  would 
appear  to  move  weftward. 

IVe  are  but  very  fmall  beings  when  compared 
with  our  earthly  globe,  and  the  globe  itfelfis  but 
a dimenfionlefs  point  compared  with  the  mag- 
nitude of  the  ftarry  heavens.  Whether  the 
earth  be  at  reft,  and  the  heaven  turns  round  it, 
or  the  heaven  be  at  reft,  and  the  earth  turns 
round,  the  appearance  to  us  will  be  exadtly  the 
fame.  And  becaufe  the  heaven  is  fo  immenfely 
large,  in  comparifon  of  the  earth,  we  fee  one 
half  of  the  heaven  as  well  from  the  earth’s  fur- 
face,  as  we  could  do  from  'its  center,  if  the 
limits  of  our  view  are  not  intercepted  by 
hills. 

We  may  imagine  as  many  circles  deferibed  Circles  ',/ 
upon  the  earth  as  we  pleafe : and  we  may  ima-  tbe/pben. 
gine  the  plane  of  any  circle  deferibed  upon  the 
earth  to  be  continued,  until  it  marks  a circle  in 
the  concave  fphere  of  the  heavens. 

The  horizon  is  either  Jenfible  or  rational.  The  The  ha- 
Jenfible  horizon  is  that  circle,  which  a man  Hand-  rizon. 
ing  upon  a large  plane,  obferves  to  terminate  his 
view  all  around,  where  the  heaven  and  earth  feem 
to  meet.  The  plane  of  our  fenfible  horizon  con- 
tinued to  the  heaven,  divides  it  into  two  hemi- 
fpheres ; one  vifible  to  us,  the  other  hid  by  the 
convexity  of  the  earth. 
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Equator. 


Meridian, 


The  plane  of  the  rational  horizon  is  fuppofed 
parallel  to  the  plane  of  the  fenfiblej  to  pafs 
through  the  center  of  the  earth,  arid  to  be 
continued  to  the  heavens.  And  although  the 
plane  of  the  fenfible  horizon  touches  the  earth 
in  the  place  of  the  obferver,  yet  this  plane, 
and  that  of  the  rational  horizon,  will  feem  to 
coincide  in  the  heaven,  becaufe  the  whole  earth 
is  but  a point  compared  to  the  fphere  of  the 
heaven. 

The  earth  being  a fpherical  body,  the  horizon, 
or  limit  of  our  view,  mud  change  as  we  change 
our  place. 

The  -poles  of  the  earthy  are  thofe  two  points  on 
its  furface  in  which  its  axis  terminates.  The 
one  is  called  the  north  pole}  and  the  other  the 

joutk  pole. 

Th c poles  of  the  heaven , are  thofe  two  points 
in  which  the  earth’s  axis  produced  terminates  in 
the  heaven  : fo  that  the  north  pole  of  the  heaven 
is  dire&ly  over  the  north  pole  of  the  earth  ; and 
the  jGuth  pole  of  the  heaven  is  diredtly  over  the 
fouth  pole  of  the  earth. 

The  equator  is  a great  circle  upon  the  earth, 
every  part  of  which  is  equally  diftant  from  either 
of  the  poles.  It  divides  the  earth  into  two  equal 
parts,  called  the  northern  and  fcuthern  hemifpheres. 
If  we  fuppofe  the  plane  of  this  circle  to  be  ex- 
tended to  the  heaven,  it  will  mark  the  equinoctial 
therein,  and  will  divide  the  heaven  into  two  equal 
parts,  called  the  northern  and  Jouthern  hemifpheres 
of  the  heaven. 

The  meridian  of  any  place  is  a great  circle 
palling  through  that  place  and  the  poles  of  the 
earth.  We  may  imagine  as  many  fuch  meri- 
dians as  we  pleafe,  becaufe  any  place  that  i$ 

ever 
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ever  fo  little  to  the  eaft  or  weft  of  any  other  place, 
has  a different  meridian  from  that  place ; for  no 
one  circle  can  pafs  through  any  two  fuch  places 
and  the  poles  of  the  earth. 

The  meridi&n  of  a ny  place  is  divided  by  the 
poles,  into  two  femicircles  : that  which  paffes 
through  the  place  is  called  the  geographical  or  up- 
per meridian ; and  that  which  paffes  through  the 
oppofite  place,  is  called  the  lower  meridian. 

When  the  rotation  of  the  earth  brings  the  Noon  and 
plane  of  the  geographical  meridian  to  the  fun,  mid-nigbt, 
it  is  noon  or  mid-day  to  that  place  ; and  when 
our  lower  meridian  comes  to  the  fun,  it  is  mid- 

4 

night. 

All  places  lying  under  the  fame  geographical 
meridian,  have  their  noon  at  the  fame  time,  and 
confequently  all  the  other  hours.  All  thofe 
places  are  laid  to  have  the  fame  longitu,det  becaufe 
no  one  of  them  lies  either  eaftvvard  or  weftward 
from  any  of  the  reft. 

If  we  imagine  24  lemicircles,  one  of  which  is  Hour  tir* 
the  geographical  meridian  of  a given  place,  to  des. 
meet  at  the  poles,  and  to  divide  the  equator  into 
24  equal  parts ; each  of  thefe  meridians  will 
come  round  to  the  fun  in  24  hours,  by  the  earth’s 
equable  motion  round  its  axis  in  that  time.  And, 
as  the  equator  contains  360  degrees,  there  will 
be  1 5 degrees  contained  between  any  two  of  thefe 
meridians  which  are  near, eft  to  one  another : for 
24  times  15  is  360.  And  as  the  earth’s  motion 
is  eaftward,  the  fun’s  apparent  motion  will  be 
weftward,  at  the  rate  of  15  degrees  each  hour. 
Therefore, 

They  whofe  geographical  meridian  is  15  de-  longitude. 
grees  eaftvvard  from  us,  have'  noon,  and  every 
other  hour,  an  hour  fooner  than  we  have.  They 
whofe  meridian  is  fifteen  degrees  weftward  from 
8 us, 
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us,  have  noon,  and  every  other  hour,  an  hour 
later  than  we  have  : and  fo  on  in  proportion, 
reckoning  one  hour  for  every  fifteen  degrees. 

As'the  earth  turns  round  its  axis  once  in  24 
hours,  and  (hews  itfelf  all  around  to  the  fun  in 
that  time ; fo  it  goes  round  the  fun  once  a year. 
Ecliptic,  in  a great  circle  called  the  ecliptic , which  erodes 
the  equinoctial  in  two  oppofite  points,  making 
an  angle  of  234-  degrees  with  the  equinoctial  on 
each  fide.  So  that  one  half  of  the  ecliptic  is  in 
the  northern  hemifphere,  and  the  other  in  the 
fouthern.  It  contains  360  equal  parts,  called 
degrees,  (as  all  other  circles  do,  whether  great 
or  fmall,)  and  as  the  earth  goes  once  round  it 
every  year,  the  fun  will  appear  to  do  the  fame, 
changing  his  place  almoft  a degree,  at  a mean 
rate,  every  24  hours.  So  that  whatever  place, 
or  degree  of  the  ecliptic,  the  earth  is  in  at  any 
time,  the  fun  will  then  appear  in  the  oppofite. 
And  as  one  half  of  the  ecliptic  is  on  the  north 
fide  of  the  equinoctial,  and  the  other  half  on  the 
fouth  j the  lun,  as  feen  from  the  earth,  will  be 
half  a year  on  the  fouth  fide  of  the  equinoctial, 
and  half  a year  on  the  north : and  twice  a year 
in  the  equinoctial  itfelf. 

Sig}ts  and  The  ecliptic  is  divided  by  aftronomers  into  12 
degrees.  equal  parts,  called  figns,  each  fign  into  30  degrees , 
and  each  degree  into  60  minutes:  but  in  ufing  the 
globes,  we  feldom  want  the  fun’s  place  nearer 
than  half  a degree  of  the  truth. 

The  names  and  characters  of  the  12  figns  are 
as  follow ; beginning  at  that  point  of  the  eclip- 
tic where  it  erodes  the>equinoCtial  to  the  north- 
ward, and  reckoning  eaftward  round  to  the  fame 
point  again.  And  the  days  of  the  months  on 
which  the  fun  r.ow  enters  the  figns,  are  fet  down 
N below  them, 

Aries , 
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ArieSy 

T aunts. 

Gemini , 

Cancery 

March 

« 

April 

n 

May 

25 

June 

20 

l9 

20 

21 

Leo, 

VirgOy 

Libra , 

Scorpio, 

SI 

Juty 

m 

Auguft 

September 

m 

Odober 

22 

22 

22 

22 

Sagittarius , Capricornus,  Aquarius , Pifces , 

f V?  ^ 

November  December  January  February 

21  21  19  18 

By  remembering  on  what  day  the  fun  enters 
any  particular  fign,  we  may  eafily  find  his  place 
any  day  afterward,  while  he  is  in  that  fign,  by 
reckoning  a degree  for  each  day  ; which  will 
occafion  no  error  of  confequence  in  ufing  the 

globes.  < # ' 

When  the  fun  is  at  the  beginning  of  Aries, 
he  is  in  the  equinodial ; and  from  that  time-he 
declines  northward  every  day,  until  he  comes 
to  the  beginning  of  Cancer , which  is  23 \ de- 
grees from  the  equinodial  j from  thence  he  re- 
cedes fouthward  every  day,  for  half  a year ; in 
the  middle  of  which  half,  he  erodes  the  cqui- 
nodial  at  the  beginning  of  Libra , and  at  the 
end  of  that  half  year,  he  is  at  his  greateft  fouth 
declination,  in  the  beginning  of  Capricorn , which 
is  alfo  23J  degrees  from  the  equinodial.  Then, 
he  returns  northward  from  Capricorn  every  day, 
for  half  a year  ; in  the  middle  of  which  half,  he 
erodes  the  equinodial  at  the  beginning  of  Aries > 
and  at  the  end  of  it  he  arrives  at  Cancer . 
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The  fun’s  motion  in  the  ecliptic  is  not  per- 
fectly equable,  for  he  continues  eight  days 
longer  in  the  northern  half  of  the  ecliptic,  than 
in  the  fouthern : fo  that  the  fummer  half  year, 
in  the  northern  hemifphere,  is  eight  days  longer 
than  the  winter  half  year;  and  the  contrary  in 
the  fouthern  hemifphere. 

Tropics.  The  tropics  are  lefler  circles  in  the  heaven, 
parallel  to  the  equinoctial ; one  on  each  fide  of 
it,  touching  the  ecliptic  in  the  points  of  its 
greateft  declination  ; fo  that  each  tropic  is  234 
degrees  from  the  equinoctial,  one  on  the  north 
fide  of  it,  and  the  other  on  the  fouth.  The 
northern  tropic  touches  the  ecliptic  at  the  be- 
ginning of  Cancer , the  fouthern  at  the  beginning 
of  Capricorn ; for  which  reafon  the  former  is 
called  the  tropic  of  Cancer, and  the  latter  the  tropic 
of  Capricorn . 

Polar  The  polar  circles  in  the  heaven,  are  each  234 
circles.  degrees  from  the  poles,  all  around.  That  which 
goes  round  the  north  pole,  is  called  the  arftic 
circle , from  xpxlog,  which  fignifies  a hear ; there 
being  a collection  or  groupe  of  ftars  near  the 
north  pole,  which  goes  by  that  name.  The  fouth 
polar  circle  is  called  the  antarhiic  circle , from  its 
being  oppofite  to  the  arctic. 

The  ecliptic,  tropics,  and  polar  circles,  are 
drawn  upon  the  terrefbrial  globe,  as  well  as  upon 
the  celeilial.  But  the  ecliptic,  being  a great 
fixed  circle  in  the  heavens,  cannot  properly  be 
faid  to  belong  to  the  ter reftrial  globe  ; and  is 
laid  down  upon  it  only  for  the  conveniency  of 
folving  fome  problems.  So  that,  if  this  circle  on 
the  terreftrial  globe  was  properly  divided  into  the 
months  and  days  of  the  year,  it  would  not  only 
fuit  the  globe  better,  but  would  alfo  make  the 
problems  thereon  much  eafier. 
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In  order  to  form  a true  idea  of  the  earth’s 
motion  round  its  axis  every  24  hours,  which  is 
the  caufe  of  day  and  night ; and  of  its  motion 
in  the  ecliptic  round  the  fun  every  year,  which 
is  the  caufe  of  the  different  lengths  of  days  and 
nights,  and  of  the  viciflitude  of  feafons;  take  the 
following  method,  which  will  be  both  eafy  and 
- pleafant. 

Let  a fmall  terreftrial  globe,  of  about  three  An  idea 
inches  diameter,  be  fufpended  by  a long  thread  j*  the^ 
of  twilled  filk,  fixt  to  its  north  pole : then  ha- 
ving placed  a lighted  candle  on  a table,  to  repre- 
fent  the  fun,  in  the  center  of  a hoop  of  a large 
calk,  which  may  reprefent  the  ecliptic,  the  hoop 
making  an  angle  of  234.  degrees  with  the  plane 
of  the  table  ; hang  the  globe  within  the  hoop 
near  to  it ; and  if  the  table  be  level,  the  equa- 
tor of  the  globe  will  be  parallel  to  the  table, 
and  the  plane  of  the  hoop  will  cut  the  equator 
at  an  angle  of  234  degrees:  fo  that  one  half  of 
the  equator  will  be  above  the  hoop,  and  the 
other  half  below  it;  and  the  candle  will  enlighten 
one  half  of  the  globe,  as  the  fun  enlightens  one 
half  of  the  earth,  while  the  other  half  is  in  the 
dark. 

Things  being  thus  prepared,  twill  the  thread 
toward  the  left  hand,  that  it  may  turn  the 
globe  the  fame  way  by  untwifling ; that  is,  from 
well,  by  fouth,  to  call.  As  the  globe  turns 
round  its  axis  or  thread,  the  different  places  of 
its  furface  will  go  regularly  through  the  light 
and  dark  ; and  have,  as  it  were,  an  alternate 
return  of  day  and  night  in  each  rotation.  As 
the  globe  continues  to  turn  round,  and  to  fhew 
itfelf  all  around  to  the  candle,  carry  it  flowly 
round  the  hoop  by  the  thread,  from  well,  by 
fouth,  to  eall  which  is  the  way  that  the  earth 

moves 
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moves  round  the  fun,  once  a year,  In  the 
ecliptic;  and  you  will  fee,  that  while  the  globe 
continues  in  the  lower  part  of  the  hoop,  the  can- 
dle (being  then  north  of  the  equator)  will  con- 
ftantly  fhine  round  the  north  pole  ; and  all  the 
northern  places  which  go  through  any  part  of 
the  dark,  will  go  through  a lefs  portion  of  it  than 
they  do  of  the  light ; and  the  more  fo,  the  far- 
ther they  are  from  the  equator ; confequently, 
their  days  are  then  longer  than  their  nights. 
When  the  globe  comes  to  a point  in  the  hoop, 
mid-way  between  the  higheft  and  lowed:  points, 
the  candle  will  be  diredUy  over  the  equator,  and 
will  enlighten  the  globe  juft  from  pole  to  pole  ; 
and  then  every  place  on  the  globe  will  go 
through  equal  portions  of  light  and  darknefs, 
as  it  runs  round  its  axis ; and  confequently,  the 
day  and  night  will  be  of  equal  length  at  all 
places  upon  it.  As  the  globe  advances  thence- 
forward, toward  the  higheft  part  of  the  hoop, 
the  candle  will  be  on  the  fouth  fide  of  the  equa- 
tor, fhining  farther  and  farther  round  the  fouth 
pole,  as  the  globe  rifes  higher  and  higher  in  the 
hoop  ; leaving  the  north  pole  as  much  in  dark- 
nefs, as  the  fouth  pole  is  then  in  the  light,  and 
making  long  days  and  fhort  nights  on  the  fouth 
fide  of  the  equator,  and  the  contrary  on  the 
north  fide,  while  the  globe  continues  in  the 
northern  or  higher  fide  of  the  hoop : and  when 
it  comes  to  the  higheft  point,  the  days  will  be  at 
the  longeft,  and  the  nights  at  the  fhorteft,  in  the 
fouthern  hemifphere ; and  the  reverfe  in  the 
northern.  As  the  globe  advances  and  dcfcends 
in  the  hoop,  the  light  will  gradually  recede  from 
the  fouth  pole,  and  approach  toward  the'north 
pole,  which  will  caule  the  northern  days  to 
lengthen,  and  the  fouthern  days  to  fhortcn  in 
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the  fame  proportion.  When  the  globe  comes  to 
the  middle  point,  between  the  higheft  and  loweft 
pointsof  the  hoop,  the  candle  will  be  over  the 
equator,  enlightening  the  globe  juft  from  pole 
to  pole,  when  every  place  of  the  earth  (except 
the  poles)  will  go  through  equal  portions  of 
light  and  darknefs  j and  confequently,  the  day 
and  night  will  be  then  equal,  all  over  the 
globe. 

And  thus,  at  a very  fmall  expence,  one  may 
have  a delightful  and  demonftrative  view  of  the 
caufe  of  days  and  nights,  with  their  gradual  in- 
crease and  decreafc  in  length,  through  the  whole 
year  together,  with  the  viciffitudes  of  fpring, 
fummer,  autumn,  and  winter,  in  each  annual 
courfe  of  the  earth  round  the  fun. 

If  the  hoop  be  divided  into  12  equal  parts, 
and  the  figns  be  marked  in  order  upon  it,  be- 
ginning with  Cancer  at  the  higheft  point  of  the 
hoop,  and  reckoning  eaftward  (or  contrary  to 
the  apparenc  motion  of  the  fun),  you  will  fee 
how  the  fun  appears  to  change  his  place  every 
day  in  the  ecliptic,  as  the  globe  advances  eaft- 
ward along  the  hoop,  and  turns  round  its  own 
axis  : and  that  when  the  earth  is  in  a low  fign, 
as  at  Capricorn,  the  fun  muft  appear  in  a high 
fign,  as  at  Cancer , oppofite  to  the  earth’s  real 
I place : and  that  while  the  earth  is  in  the 
louthern  half  of  the  ecliptic,  the  fun  appears  in 
i the  northern  half,  and  vice  verfd  : that  the  far- 
ther any  place  is  from  the  equator,  between  it 
\ and  the  polar  circle,  the  greater  is  the  difference 
: between  the  lungeft  and  fhorteft  day  at  that 
, place  j and  that  the  poles  have  but  one  day  and 
' one  night  in  the  whole  year, 
j Thefe  things  prefaifcd,  we  fnall  proceed  to 
the  defcription  and  ufe  of  the  terrcftnal  globe, 
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and  explain  the  geographical  terms  as  they  occuf 
in  the  problems. 

The  ttr~  This  globe  has  the  boundaries  of  land  and 
rejirial  water  laid  down  upon  it,  the  countries  and  king- 
glole  de-  doms  divided  by  dots,  and  coloured  to  diftin- 
tcribed.  them,  the  iflands  properly  fituated,  the 

rivers  and  principal  towns  inferted,  as  they  have 
been  afeertained  upon  the  earth  by  meafurement 
and  obfervation. 

The  equator,  ecliptic,  tropics,  polar  circles, 
and  meridians,  are  laid  down  upon  the  globe  in 
the  manner  already  defended.  The  ecliptic  is 
divided  into  12  figns,  and  each  fign  into  30 
degrees,  which  are  generally  fubdivided  into 
halves,  and  into  quarters  if  the  globe  is  large. 
Each  tropic  is  234  degrees  from  the  equator, 
and  each  polar  circle  234-  degrees  from  its 
refpedive  pole.  Circles  are  drawn  parallel  to 
the  equator,  at  every  ten  degrees  diftance  from 
it  on  each  fide  to  the  poles  : thefe  circles  are 
called  parallels  of  latitude.  On  large  globes 
there  are  circles  drawn  perpendicularly  through 
every  tenth  degree  of  the  equator,  interfering 
x each  other  at  the  poles : but  on  globes  of  or 

under  a foot  diameter,  they  are  only  drawn 
through  every  fifteenth  degree  of  the  equator: 
thefe  circles  are  generally  called  meridians , focne- 
times  circles  of  longitude,  and  at  other  times  hour - 
circles. 

The  globe  is  hung  in  a brafs  ring,  called  the 
brafen  meridian ; and  turns  upon  a wire  in  each 
pole  funk  half  its  thicknels  into  one  fide  of  the 
meridian  ring  : by  which  means,  that  fide  of 
the  ring  divides  the  globe  into  two  equal  parts, 
called  the  eaflern  and  wejlern  hemifpberes  ; as  the 
equator  divides  it  into  two  equal  parts,  called  the 
• northern  and  Joulhern  hemifpberes.  This  ring  is 

divided 
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divided  into  360  equal  parts  or  degrees,  on  the 
fide  wherein  the  axis  of  the  globe  turns.  One 
half  of  thefe  degrees  are  numbered,  and  rec- 
koned, from  the  equator  to  the  poles,  where  they 
end  at  90  : their  ufe  is  to  (hew  the  latitudes  of 
places.  The  degrees  on  the  other  half  of  the 
meridian  ring  aie  numbered  from  the  poles  to 
the  equator,  where  they  end  at  90  : their  ufe  is 
to  (hew  how  to  elevate  either  the  north  or  fouth 
pole  above  the  horizon,  according  to  the  latitude 
of  any  given  place,  as  it  is  north  or  fouth  of  the 
equator. 

The  brafen  meridian  is  let  into  two  notches 
made  in  a broad  flat  ring,  called  the  wooden 
horizon , the  upper  furface  of  which  divides  the 
globe  into  two  equal  parts,  called  the  upper  and 
lower  hemijpheres.  One  notch  is  in  the  north 
point  of  the  horizon,  and  the  other  in  the  fouth. 
On  this  horizon  are  feveral  concentric  circles, 
which  contain  the  months  and  days  of  the  year, 
the  figns  and  degrees  anfwering  to  the  fun’s  place 
for  each  month  and  day,  and  the  32  points  of  the 
compafs. — The  graduated  fide  of  the  brafs  me- 
ridian lies  toward  the  eafl:  fide  of  the  horizon, 
and  fhould  be  generally  kept  toward  the  perfon 
who  works  problems  by  the  globes. 

There  is  a fmall  horary  circle,  fo  fixed  to  the 
north  part  of  the  brafen  meridian,  that  the  wire 
in  the  north  pole  of  the  globe  is  in  the  center 
of  that  circle  $ and  on  the  wire  is  an  index , 
which  goes  over  all  the  24  hours  of  the  circle, 
as  the  globe  is  turned  round  its  axis.  Some- 
times there  are  two  horary  circles,  one  between 
each  pole  of  the  globe  and  the  brafen  meridian ; 
which  is  the  contrivance  of  the  late  ingenious 
Mr.  Jofeph  Harris , mafler  of  the  Afiay-oflke  in 
^he  "1  ower  of  London;  and  makes  it  very  conve- 
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nient  for  putting  the  poles  of  the  globe  through 
the  horizon,  and  for  elevating  the  pole  to  finall 
latitudes,  and  declinations  of  the  fun  ; which 
cannot  be  done  where  there  is  only  one  horary 
circle  fixed  to  the  outer  edge  of  the  brafen  me- 
ridian. 

There  is  a thin  flip  of  brafs,  called  the  qua- 
drant of  altitude^  which  is  divided  into  90  equal 
parts  or  degrees,  anfwering  exa&ly  to  fo  many 
degrees'  of  the  equator.  It  is  occafionally  fixed 
to  the  uppermoft  point  of  the  brafen  meridian  by 
a nut  and  ferew.  The  divifions  end  at  the  nur, 
and  the  quadrant  is  turned  round  upon  it. 

As  the  globe  has  been  feen  by  molt  people, 
and  upon  the  figure  of  which,  in  a plate,  neither 
the  circles  nor  countries  can  be  properly  explod- 
ed, wejudge  it  would  fignify  very  little  to  refer 
to  a figure  of  it;  and  fhall  therefore  only  give 
fome  directions  how  to  choofe  a globe,  and  then 
deferibe  its  ufe. 

Direfti-  i,.  See  that  the  papers  be  well  and  nearly 
ens  for  patted  on  the  globes,  which  you  may  know,  if 
ehoofing  the  nnes  arKj  circles  thereon  meet  exactly,  and 
g'obes.  contjnue  au  the  Way  even  and  whole  ; the  cir- 
cles not  breaking  into  feveral  arches,  nor  the 
papers  either  coming  Ihort,  or  lapping  over  one 
another. 

2.  See  that  the  colours  be  tranfparent,  and  not 
laid  too  thick  upon  the  globe  to  hide  the  names 
of  places. 

3.  See  that  the  globe  hang  evenly  between 
the  brafen  meridian  and  the  wooden  horizon  ; 
not  inclining  either  to  one  fide  or  to  the  other. 

4.  See  that  the  globe  be  as  clofe  to  the  hori- 
zon and  meridian  as  it  conveniently  may;  other- 
wife,  you  will  be  too  much  puzzled  to  find  ■ 
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againft  what  part  of  the  globe  any  degree  of  the 
meridian  or  horizon  is.  ■ 

5.  See  that  the  equinoctial  line  be  even  with 
the  horizon  all  around,  as  the  north  or  fouth  pole 
is  elevated  90  degrees  above  the  horizon. 

6.  See  that  the  equinoctial  line  cuts  the  hori- 
zon in  the  .eaft  and  weft  points,  in  all  elevations 
of  the  pole  from  o to  90  degrees. 

7.  See  that  the  degree  of  the  brafen  meridian 
marked  with  o,  be  exactly  over  the  equinoctial 
line  cf  the  globe. 

8.  See  that  there  be  exaCtly  half  of  the  brafen 
meridian  ‘above  the  horizon  ; which  you  may 
know,  if  you  bring  any  of  the  decimal  divifions 
on  the  meridian  to  the  north  point  of  the  hori- 
zon, and  find  their  complement  to  90  in  the 
fouth  point. 

9.  See  that  when  the  quadrant  of  altitude  is 
placed  as  far  from  the  equator,  or  the  brafen 
meridian,  as  the  pole  is  elevated  above  the  hori- 
zon, the  beginning  of  the  degrees  of  the  qua- 
drant reaches  juft  to  the  plane  furface  of  the 
horizon. 

10.  See  that  while  the  index  of  the  hour- 
circle  (by  the  motion  of  the  globe)  pafles  frotn 
one  hour  to  another,  15  degrees  of  the  equator 
pal^  under  the  graduated  edge  of  the  brafen 
meridian. 

n.  See  that  the  wooden  horizon  be  made  fub- 
ftantial  and  ftrong  : it  being  generally  obferved, 
that  in.  moft  globes,  the  horizon  is  the  firft  part 
that  fails,  on  account  of  its  having  been  made 
too  flight. 

In  ufing  the  globes,  keep  the  eaft  fide  of  the  D;re<ii 
horizon  toward  you  (unlefs  your  problem  re- on s for 
quires  -the  turning  of  it),  which  fide  you  may 
know  by  the  word  Eaft  upon  the  horizon  ; for  thenu 
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then  you  have  the  graduated  fide  of  the  meri- 
dian toward  you,  the  quadrant  of  altitude  before 
you,  and  the  globe  divided  exaftly  into  two 
equal  parts,  by  the  graduated  fide  of  the  me- 
ridian. 

In  working  fome  problems,  it  will  be  necef- 
fary  to  turn  the  whole  globe  and  horizon  about, 

, that  you  may  look  on  the  weft;  fide  thereof : 
which  turning  will  be  apt  to  jog  the  ball  fo,  as 
to  fhife  away  that  degree  of  the  globe  which 
was  before  fet  to  the  horizon  or  meridian : to 
avoid  which  inconvenience,  you  may  thruft  in 
the  feather  end  of  a quill  between  the  ball  of 
the  globe  and  the  brafrn  meridian  ; which,  with- 
out hurting  the  ball,  will  keep  it  from  turning 
in  the  meridian,  while  you  turn  the  weft  fide  of 
the  horizon  toward  you. 

PROBLEM  I. 

eJro  find  the  * latitude  and  f longitude  of  any  given 
■place  upon  the  globe. 

Turn  the  globe  on  its  axis,  until  the  given 
place  comes  exa&ly  under  that  graduated  fide  of 

* The  latitude  of  a place  is  its  diftance  from  the  equator, 
and  is  north  or  fouth,  as  the  place  is  north  or  fouth  of  the 
equator.  Thofe  who  live  at  the  equator  have  no  latitude, 
becaufe  it  is  there  that  the  latitude  begins. 

f The  longitude  of  a place  is  the  number  of  degrees 
(reckoned  upon  the  equator)  that  the  meridian  of  the  faid 
place  is  diftant  from  the  meridian  of  any  other  place  from 
which  we  reckon,  either  eaftward  or  wellward,  for  180  de- 
grees, or  half  round  the  globe.  The  Britifh  reckon  the 
longitude  from  the  meridian  of  London,  and  the  French 
from  the  meridian  of  Paris.  The  meridian  of  that  place, 
from  which  the  longitude  is  reckoned,  is  called  the  firjl  me~ 
ridian.  The  places  upon  this  meridian  have  no  longitude, 
becaufe  it  is  there  that  the  longitude  begins. 
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the  brafen  meridian,  on  which  the  degrees  are 
numbered  from  the  equator;  and  obferve  what 
degree  of  the  meridian  the  place  then  lies  under; 
which  is  its  latitude,  north  or  fouth,  as  the  place 
is  north  orfouth  of  the  equator. 

The  globe  remaining  in  this  pofition,  the  de- 
gree of  the  equator,  which  is  under  the  brafen 
meridian,  is  the  longitude  of  the  place  (from 
the  meridian  of  London  on  the  Englijh  globes) 
which  is  eaft  or  weft,  as  the  place  lies  on  the 
eafl  or  weft  fide  of  the  firft  meridian  of  the 
globe. — All  the  Atlantic  Ocean , and  America , 
is  on  the  weft  fide  of  the  meridian  of  London  ; 
and  the  greateft  part  of  Europe , and  of  Africa, 
together  with  all  Afia>  is  on  the  eaft  fide  of  the 
meridian  of  London , which  is  reckoned  the  firfi 
meridian  of  the  globe  by  the  Britifh  geographers 
and  aftronomers. 

PROBLEM  II. 

The  longitude  and  latitude  of  a place  being  given , to 
find  that  place  on  the  globe. 

Look  for  the  given  longitude  in  the  equator 
(counting  it  eaftward  or  weftward  from  the  firft: 
meridian,  as  it  is  mentioned  to  be  eaft  or  weft), 
and  bring  the  point  of  longitude  in  the  equator 
to  the  brafen  meridian,  on  that  fide  which  is 
above  the  fouth  point  of  the  horizon  : then 
count  from  the  equator,  on  the  brafen  meridian, 
to  the  degree  of  the  given  latitude,  toward  the 
north  or  fouth  pple,  according  as  the  latitude  is 
north  or  fouth  ; and  under  that  degree  of  lati- 
tude on  the  meridian,  you  will  have  the  place 
required, 
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PROBLEM  III. 

To  find  the  difference  of  longitude , or  difference  of 
latitude , between  any  two  given  places. 

Bring  each  of  thefe  places  to  the  brafen  me- 
ridian, and  fee  what  its  latitude  is  ; the  lefTer 
latitude  fubtra&ed  from  the  greater,  if  both 
places  are  on  the  fame  fide  of  the  equator,  or 
both  latitudes  added  together,  if  they  are  on 
different  fides  of  it,  is  the  difference  of  latitude 
required.  And  the  number  of  degrees  contained 
between  thefe  places,  reckoned  on  the  equator, 
when  they  are  brought  feparately  under  the 
brafen  meridian,  is  their  difference  of  longitude  ; 
if  it  be  lefs  than  180:  but  if  more,  let  it  be  fub- 
tradled  from  360,  and  the  remainder  is  the  dif- 
ference of  longitude  required.  Or, 

Having  brought  one  of  the  places  to  the 
brafen  meridian,  and  fet  the  hour  index  to  XII, 
turn  the  globe  until  the  other  place  comes  to  the 
*brafen  meridian,  and  the  number  of  hours  and 
parts  of  an  hour,  paft  over  by  the  index,  will 
give  the  longitude  in  time ; which  may  be  eafily 
reduced  to  degrees,  by  allowing  15  degrees  for 
every  hour,  and  one  degree  for  every  four  mi- 
nutes. 

N.  B.  When  we  fpeak  of  bringing  any  place 
to  the  brafen  meridian,  it  is  the  graduated  fide 
qf  the  meridian  that  is  meant. 
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PROBLEM  IV. 

Any  place  being  given,  to  find  all  thofie  places  that 

have  the fame  longitude  or  latitude  with  it. 

Bring  the  given  place  to  the  brafen  meridian, 
then- all  thole  places  which  lie  under  that  fide  of 
the  meridian,  from  pole  to  pole,  have  the  fame 
longitude  with  the  given  place.  Turn  the  globe 
round  its  axis,  and  all  thofe  places  which  pafs 
under  the  fame  degree  of  the  meridian  that  the 
given  place  does,  have  the  fame  latitude  with 
that  place. 

Since  all  latitudes  are  reckoned  from  the 
equator,  and  all  longitudes  are  reckoned  from 
the  firft  meridian,  it.  is  evident,  that  the  point  of 
the  equator  w-hich  is  cut  by  the  firft  meridian,  has 
neither  latitude  nor  longitude. — The  greateft 
latitude  is  90  degrees,  becaufe  no  place  is  more 
than  90  degrees  from  the  equator.  And  the 
greateft  longitude  is  180  degrees,  becaufe  no 
place  is  more  than  180  degrees  from  the  firft 
meridian.  , 

PROBLEM  V. 

i / 

To  find  the  antceci*,  perioecif,  and  antipodes 
of  any  given  place . 

Bring  the  given  place  to  the  brafen  meridian, 
and  having  found  its  latitude,  keep  the  globe  in 
that  fituation,  and  count  the  fame  number  of 

degrees 

* The  antceci  are  thofe  people  who  live  on  the  fame  me- 
ridian, and  in  equal  latitudes,  on  different  Tides  of  the  equa- 
tor. Being  on  the  fame  meridian,  they  have  the  fame  hours  ; 
that  i.c,  when  it  is  noon  to  the  one,  it  is  alfo  noon  to  the 
other;  and  when  it" is  mid-night  to  the  one,  it  is  alfo  mid- 
night to  the  other,  &c.  Being  00  different  Tides  of  the  equa- 
tor/ 


/ 


268  S The  V/e  of  the  Ter  ref  rial  Globe. 

degrees  of  latitude  from  the  equator  toward  the 
contrary  pole,  and  where  the  reckoning  ends, 
you  have  the  antceci  of  the  given  place  upon  the 
globe.  Thofe  who  live  at  the  equator  have  no 
antceci. 

The  globe  remaining  in  the  fame  pofition,  fet 
the  hour-index  to  the  upper  XII,  on  the  horary 
circle,  and  turn  the  globe  until  the  index  comes 
to  the  lower  XII : then  the  place  which  lies 
under  the  meridian,  in  the  fame  latitude  with 
the  given  place,  is  the  ‘penes ci  required.  Thofe 
who  live  at  the  poles  have  no  periceci. 

As  the  globe  now'  Hands  (with  the  index  at  the 
lower  XII),  the  antipodes  of  the  given  place  will 
be  under  the  fame  point  of  the  brafen  meridian 
where  its  antceci  Hood  before,  Every  place  upon 
the  globe  has  its  antipodes. 

tor,  they  have  different  or  oppofite  feafons  at  the  fame  time  ; 
the  length  of  any  day  to  the  one  is  equal  to  the  length  of  the 
night  of  that  day  to  the  other  ; and  they  have  equal  eleva- 
tions  of  the  different  poles. 

f The  peri  a ci  are  thofe  people  who  live  on  the  fame  paT 
jallel  of  latitude,  but  on  oppofite  meridians  : fothat  though 
their  latitude  be  the  fame,  their  longitude  differs  180  de-t 
grees.  By  being  in  the  fame  latitude,  they  have  equal  ele- 
vations of  the  fame  pole  (for  the  elevation  of  the  pole  is 
always  equal  to  the  latitude  of  the  place)  the  fame  length  of 
days  or  nights,  and  the  fame  feafons.  But  being  on  oppo- 
fite meridians,  when  it  is  noon  to  the  one,  it  is  midnight  to 
the  other. 

J The  antipodes  are  thofe  who  live  diametrically  oppofite 
to  one  another  upon  the  globe.  Handing  with  feet  toward 
feet,  on  oppofite  meridians  and  parallels.  Being  on  oppofite 
fides  of  the  equator,  they  have  oppofite  feafons,  winter  to  one 
when  it  is  fummer  to  the  other  ; being  equally  dillant  from 
the  equator,  they  have  their  contrary  poles  equally  elevated 
above  the  horizon  ; being  on  oppofite  meridians,  when  it  is 
noon  to  the  one,  it  mult  be  mid-night  to  the  other ; and  a$ 
the  fun  recedes  from  the  one  when  he  approaches  to  the 
other,  the  length  of  the  day  to  one  mull  be  equal  to  the 
length  of  the  night  at  the  fame  time  to  tjic  other. 
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PROBLEM  VI. 

To  find  the  difiance  between  any  two  places  on  the 

globe. 

\ 

Lay  the  graduated  edge  of  the  quadrant  of 
altitude  over  both  the  places,  and  count  the 
number  of  degrees  intercepted  between  them  on 
the  quadrant;  then  multiply  thefe  degrees  by 
60,  and  the  produdt  will  give  the  diftance  in 
geographical  miles : but  to  find  the  diftance  in 
Englifh  miles  multiply  the  degrees  by  69L  and 
the  produdt  will  be  the  number  of  miles  required. 

Or,  take  the  diftance  between  any  two  places 
with  a pair  of  eompafles,  and  apply  that  extent 
to  the  equator ; the  number  of  degrees,  inter- 
cepted betweefi  the  points  of  the  eompafles,  is 
the  diftance  in  degrees  of  a great  circle*;  which 
may  be  reduced  either  to  geographical  miles,  or 
to  Englifh  miles,  as  above. 

• Any  circle  that  divides  the  globe  into  two  equal  parts, 
is  called  a great  circle,  as  the  equator  or  meridian.  Any 
circle  that  divides  the  globe  into  two  unequal  parts  (which, 
every  parallel  oflatitude  does)  is  called  a lejfer  circle.  Now, 
as  every  circle,  whether  great  or  fmall,  contains  360  de- 
grees, and  a degree  upon  the  equator  or  meridian  contains 
60  geographical  miles,  it  is  evident  that  a degree  of  longi- 
tude upon  the  equator  is  longer  than  a degree  of  longitude 
upon  any  parallel  of  latitude,  and  muft  therefore  contain  a 
greater  number  of  miles.  So  that,  although  all  the  degrees 
oflatitude  are  equally  long  upon  an  artificial  globe  (though 
not  precifely  fo  upon  the  earth  itfelf),  yet  the  degrees  of 
longitude  decreafe  in  length,  as  the  latitude  increafes,  but 
not  in  the  fame  proportion.  The  following  table  (hews  the 
length  of  a degree  of  longitude,  in  geographical  miles,  and 
hundredth  parts  of  a mile,  for  every  degree  oflatitude,  from 
the  equator  to  the  poles : a degree  on  the  equator  being 
60  geographical  miles. 
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PROBLEM  VII. 

\ 

A place  on  the  globe  being  given,  and  its  diftance 
from  any  other  place,  to  find  all  the  other  places 
. upon  the  globe  which  are  at  the  fame  difiance 
from  the  given  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  fcrew  the  quadrant  of  altitude  to  the  meri- 
dian, diredlly  over  that  place  •,  thqn  keeping  the 
globe  in  that  pofition,  turn  the  quadrant  quite 
round  upon  it,  and  the  degree  of  the  quadrant 
that  touches  the  fecond  place,  will  pafs  over  ail 
the  other  places  which  are  equally  diftant  with  it 
from  the  given  place. 

This  is  the  fame  as  if  one  foot  of  a pair  of 
compafies,  was  fet  in  the  given  place,  and  the 
other  foot  extended  to  the  fecond  place,  whole, 
diftance  is  known  for  if  the  compares  be  then 
turned  round  the  firft  place  as  a center,  the 
moving  foot  will  go  over  all  thole  places  which 
are  at  the  fame  diftance  with  the  fecond  from  it. 
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A TABLE  /hewing  the  number  of  miles -in  a de- 
gree of  longitude , in  any  given  degree  of  latitude. 


Deg. 

Pans. 

Miles. 

Deg. 

Parts. 

Miles. 

Deg. 

1 

Parts. 

Miles. 

i 

59-99 

3 1 

5 1-43 

6 1 

29.09 

2 

59.96 

32 

50.88 

62 

28.17 

3 

59.92 

33 

50.32 

63 

27.24 

4 

59-85 

34 

49-74. 

64 

26.30 

5 

59-77 

35 

49.15 

65 

25-36 

6 

59.67 

36 

48. 54 

66 

24.41 

7 

56.56 

317 

47-9'2 

67 

23-44 

8 

59*42 

38 

47-28 

68 
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PROBLEM  VIII. 

The  hour  of  the  day  at  any  place  being  given,  to  find 

all  thofe  places  where  it  is  noon  at  that  time . 

Bring  the  given  place  to  the  brafen  meridian, 
and  fet  the  index  to  the  given  hour  ; this  done, 
turn  the  globe  until  the  index  points  to  the  upper 
XII,  and  then,  all  the  places  that  lie  under  the 
brafen  meridian  have  none  at  that  time. 

N.  B.  The  upper  XII  always  Hands  for  noon  } 
and  when  the  bringing  of  any  place  to  the  brafen 
meridian  is  mentioned,  the  fide  of  that  meridian 
on  wdiich  the  degrees  are  reckoned  from  the 
equator  is  meanr,  unlefs  the  contrary  fide  be 
mentioned. 

PROBLEM  IX. 

The  hour  of  the  day  at  any  place  being  given , to 

find  what  time  it  then  is  at  any  other  place . 

Bring  the  given  place  to  the  brafen  meridian, 
and  fet  the  index  to  the  given  hour  ; then  turn 
the  globe,  until  any  place  where  the  time  is  re- 
quired comes  to  the  brafen  meridian,  and  the  in- 
dex will  point  out  the  time  at  that  place. 

PROBLEM  X. 

To  find  the  fun's  place  in  the  ecliptic , and  his 
declination* , for  any  given  day  of  the  year. 

Look  on  the  horizon  for  the  given  day,  and 
right  again!!  it  you  have  the  degree  of  the  fign 
in  which  the  fun  is  (or  his  place)  on  that  day 

1 

* The  fun's  declination  is  his  diftance  from  the  equinoc- 
tial in  degreev and  is  north  or  fouih,  as  the  fun  is  between 
the  equinoctial  and  the  north  or  fouth  pole. 


at 
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at  noon.  Find  the  fame  degree  of  that  fign  in 
the  ecliptic  line  upon  the  globe,  and  having 
brought  it  to  the  brafen  meridian,  obferve  what 
degree  of  the  meridian  (lands  over  it ; for  that 
is  the  fun’s  declination,  reckoned  from  the 
equator. 

PROBLEM  XI. 

The  day  of  the  month  being  given , to  find  all  thofe 
places  of  the  earth  over  which  the  fun  will  pafs 
vertically  on  that  day . 

Find  the  fun’s  place  in  the  ecliptic  for  the 
given  day,  and  having  brought  it  to  the  brafen 
meridian,  obferve  what  point  of  the  meridian  is 
over  it;  then  turning  the  globe  round  its  axis, 
all  thofe  places  which  pafs  under  that  point  of 
the  meridian  are  the  places  required  ; for  as 
their  latitude  is  equal,  in  degrees  and  parts  of  a 
degree,  to  the  fun’s  declination,  the  fun  mud  be 
vertical  (or  diredlly  overhead)  to  each  of  them 

at  its  refpedlive  noon. 

« 

PROBLEM  XII. 

A place  being  given  in  the  torrid  zone*,  to  find 
thofe  two  days  of  the  year , on  which  the  fun 
fhali  be  vertical  to  that  place. 

Bring  the  given  place  to  the  brafen  meridian, 
and  mark  the  degree  of  latitude  that  is  exaftly 

, over 

* The  globe  is  divided  into  five  zones ; one  torrid,  two 
temperate,  and  two  frigid.  The  torrid  zone  lies  between  the 
two  .ropics,  and  is  47  degrees  in  breadth,  or  23  ‘ on  each  fide 
of  toe  equator:  the  temperate  zones  lie  between  the  tropics  and 
polar  circles,  or  from  23^  degrees  of  latitude,  to  66£,  on 

each 
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over  it  on  the  meridian  3 then  turn  the  globe 
round  its  axis,  and  obferve  the  two  degrees  of 
the  ecliptic  which  pafs  exadtly  under  that  degree 
of  latitude  : laftly,  find  on  the  wooden  horizon 
the  two  days  of  the  year  on  which  the  fun  is  in 
thofe  degrees  of  the  ecliptic,  and  they  are  the 
days  required:  for  on  them,  and  none  elfe,  the 
fun’s  declination  is  equal  to  the  latitude  of  the 
given  place;  and  conlequcntly,  he  will  then  be 
vertical  to  it  at  rroon. 

. * / . 1 

PROBLEM  XIII. 

To  find  all  thofe  places  of  the  north  frigid  zone, 
where  the  fun  begins  to  Jhine  confiantly  without 
Jetting , on  any  given  day, from  the  loth  of  March 
to  the  iid  of  September. 

On  thefe  two  days,  the  fun  is  in  the  equinoc- 
tial, and  enlightens  the  globe  exadtly  from  pole 
to  pole  : therefore,  as  the  earth  turns  round  its 
axis,  which  terminates  in  the  poles,  every  place 
upon  it  will  go  equally  through  the  light  and  the 
dark,  and  fo  make  the  day  and  night  equal  to 
all  places  of  the  earth.  But  as  the  fun  declines 
from  the  equator,  toward  either  pole,  he  will 
fhine  juft  as  many  degrees  round  that  pole,  as 
are  equal  to  his  declination  from  the  equator; 
fothat  no  place  within  the  diftance  of  the  pole 
will  then  go  through  any  part  of  the  dark,  and 
conlequcntly  the  fun  will  not  fet  to  it.  Now,  as' 

each  fide  of  the  equator  ; and  are  each  43  degrees  in  breadth: 
the  frigid  zones  are  the  fpaces  included  within  the  polar 
circles,  which  being  each  Z3-'  degrees  from  their  refpedtivc 
poles,  the  diameter  of  each  of  thefe  zones  is  47  degrees.  As 
the  fun  never  goes  without  the  tropics,  he  mull  every  mo- 
ment be  vertical  to  lome  place  or  other  in  the  torrid  zone. 

the 
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the  fun’s  declination  is  northward,  from  the  20th 
of  March  to  the  22d  of  September,  he  muft  con- 
fhintly  fhine  round  the  north  pole  all  that  time; 
and  on  the  day  that  he  is  in  the  northern  tropic, 
he  fbines  upon  the  whole  north  frigid  zone;  fo 
that  no  place  within  the  north  polar  circle  goes 
•through  any  part  of  the  dark  on  that  day. 
Therefore,- 

Having  brought  the  fun’s  place  for  the  given 
day  to  the  brafen  meridian,  and  found  his  de- 
clination (by  £rob.  IX.)  count  as  many  degrees 
on  the  meridian,  from  the  north  pole,  as  are 
equal  to  the  fun’s  declination  from  the  equator, 
and  mark  that  degree  from  the  pole  where  the 
reckoning  ends  : then,  turning  the  globe  round 
its  axis,  obferve  what  places  in  the  north  frigid 
zone  pafs  diredly  under  that  mark  ; for  they  are 
the  places  required. 

The  like  may  be  done  for  the  fouth  frigid 
zone,  from  the  2 2d  of  September  to  the  20th  of 
March,  during  which  time  the  fun  fhines  con- 
ftantly  on  the  fouth  pole. 


PROBLEM  XIV. 

To  find  the  place  over  which  the  fun  is  vertical , at 
any  hour  of  a given  day . 

. having  found  the  fun’s  declination  for  the 
given  day  (by  Prob.  IX.)  mark  it  with  a chalk 
on  the  brazen  meridian  : then  bring  the  place 
where  you  are  (fuppofe  London)  to  the  brafen 

' TYdl*n>  2nd  leC  the  inc1cx  t0  the  givcn  hour; 
w ich  done,  turn  the  globe  on  its  axis,  until  the 

index  points  to  XII  at  noon ; and  the  place  on 

e globe,  which  is  then  diredtly  under  the  point 

T of 
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of  the  fun’s  declination  marked  upon  the  meri- 
dian, has  the  fun  that  moment  in  the  zenith,  or 
diredtly  over  head. 

/ 

PROBLEM  XV. 

The  day  and  hour  at  any  place  being  given , to  find 
all  thoje  places  where  the  fun  is  then  rifing , or 
Jetting , or  on  the  meridian  : confequently  all  thofe 
places  which  are  enlightened  at  that  time}  and 
thofe  which  are  in  the  dark. 

This  problem  cannot  be  folved  by  any  globe 
fitted  up  in  the  common  way,  with  the  hour- 
circle  fixed  upon  the  brafs  meridian ; unlefs  the 
fun  be  on  or  near  fome  of  the  tropics  on  the 
given  day.  But  bv  a globe  fitted  up  according 
to  Mr.  Jofeph  Harris's  invention  (already  men- 
tioned) where  the  hour-circle  lies  on  the  furface 
of  the  globe,  below  the  meridian,  it  may  be  folved 
for  any  day  in  the  year,  according  to  his  me- 
thod ; which  is  as  follows. 

Having  found  the  place  to  which  the  fun  is 
vertical  at  the  given  hour,  if  the  place  be  in  the 
northern  hemifphere,  elevate  the  north  pole  as 
many  degrees  above  the  horizon,  as  are  equal  to 
the  latitude  of  that  place  ; if  the  place  be  in  the 
fouthern  hemifphere,  elevate  the  fouth  pole  ac- 
cordingly ; and  bring  the  faid  place  to  the  brafen 
meridian.  Then,  all  thofe  places  which  are  in 
the  weftern  femicircle  of  the  horizon,  have  the 
fun  rifing  to  them  at  that  time;  and  thofe  in  the 
eaftern  femicircle  have  it  fetting : to  thofe  under 
the  upper  femicircle  of  the  brafs  meridian,  it  is  ! 
noon ; and  to  thofe  under  the  lower  femicircle,  f 
it  is  midnight.  All  thofe  places  which  are  I 
above  the  horizon,  are  enlightened  by  the  fun 
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and  have  the  fun  juft  as  many  degrees  high  to 
them,  as  they  themfelves  are  above  the  horizon : 
and  this  height  may  be  known,  by  fixing  the 
quadrant  of  altitude  on  the  brafen  meridian  over 
the  place  to  which  the  fun  is  vertical;  and  then, 
laying  it  over  any  other  place,  obferve  what 
number  of  degrees  on  the  quadrant  are  inter- 
cepted between  the  faid  place  and  the  horizon. 
In  all  thofe  places  that  are  18  degrees  below  thp 
vveftern  femicircle  of  the  horizon,  the  morning 
twilight  is  juft  beginning;  in  all  thofe  places  that 
a[e  J8  degrees  below  the  eaftern  femicircle  of 
the  horizon,  the  evening  twilight  is  ending;  and 
all  thofe  places  that  are  lower  than  18  decrees 
have  dark  night.  D 

* l\  a7  Lpla.Ce  rbe  brought'to  the  upper  femi- 
circle of  the  brafen  meridian,  and  the  hour  index 

be  fet  to  the  upper  XII  or  noon,  and  then  the 
globe  be  turned  round  eaftward  on  its  axis  - 
when  the  place  comes  to  the  weftern  /emicircle 
of  the  horizon,  the  index  will  fhew  the  time  of 
iun-rifing  at  that  place;  and  when  the  fame  place 
comes  to  the  eaftern  femicircle  of  the  horizon 
the  index  will  fhew  the  time  of  fun-fet  * 

To  thofe  places  which  do  not  go  under  the 
horizon  the  lun  fet s not  on  that  day;  and  to 
thofe  wh.ch  do  not  come  above  it,  the  fun  does 


PROBLEM  xvi. 

m day  and  hour  of  a W eclipfe  beiny  riven  . 

ofthe  Jh  t0  JSTf, 

f1,]iriLT!tn  iSo?"er  ccl;Pf<:d  bu'  when  11, e is 
Mi,  and  lo  diredtly  oppofue  to  the  fun,  that  the 

, 1 2 earth’s 
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earth’s  foadow  falls  upon  her.  Therefore,  what- 
ever place  of  the  earth  the  fun  is  vertical  to  at 
that  time,  the  moon  muft  be  vertical  to  the  an- 
tipodes of  that  place  : fo  that  the  fun  will  be  then 
vifible  to  one  half  of  the  earth,  and  the  moon  to 
the  other. 

Find  the  place  to  which  the  fun  is  vertical  at 
the  given  hour  (by  Prob.  XIV.)  elevate  the  pole 
to  the  latitude  of  that  place,  and  bring  the  place 
to  the  upper  part  of  the  brafen  meridian,  as  in 
the  former  problem  : then,  as  the  fun  will  be 
vifible  to  all  thofe  parts  of  the  globe  which  are 
above  the  horizon,  the  moon  will  be  vifible  to  all 
thofe  parts  of  the  globe  which  are  below  it,  at  the 
time  of  her  greateft  obfeuration. 

But  with  regard  to  an  eclipfe  of  the  fun,  there 
is  no  fuch  thing  as  Ihevving  to  what  places  it  will 
be  vifible,  with  any  degree  of  certainty,  by  a 
common  globe ; becaufe  the  moon’s  fhadow  co- 
vers but  a fmall  portion  of  the  earth’s  lurface ; 
and  her  latitude,  or  declination  from  the  ecliptic, 
throws  her  fhadow  fo  varioufly  upon  the  earth, 
that  to  determine  the  places  on  which  it  falls,  re- 
cou-rfc  muft  be  had  to  long  calculations. 

« t , 

PROBLEM  XVII. 

To  rectify  the  globe  for  the  latitude , the  zenith  *, 
and  the  fun's  place. 

Find  the  latitude  of  the  place  (by  Prob.  I.)  and 
if  the  place  be  in  the  northern  hemifphere,raife  the 
north  pole  above  the  north  point  of  the  horizon, 

* The  zenith,  in  this  fenfe,  is  the  highefl:  point  of  the 
brafen  meridian  above  the  horizon  ; but  in  the  proper  fenle 
it  is  that  point  of  the  heaven  which  is  direftly  vertical  to  any 
given  place^  at  any  given  inftant  of  time. 

as 

V*  ' Jr 
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, as  many  degrees  (counted  from  the  pole  upon 
the  brafen  meridian)  as  are  equal  to  the  latitude 
of  the  place.  If  the  place  be  in  the  fouthern 
hemifphere,  raife  the  fouth  pole  above  the  Tooth 
point  of  the  horizon,  as  many  degrees  as  are  equal 
to  the  latitude.  Then  turn  the  globe  till  the 
place  comes  under  its  latitude  on  the  brafen  me- 
ridian, and  fallen  the  quadrant  of  altitude  fo, 
that  the  chamfered  edge  of  its  nut  (which  is  even 
with  the  graduated  edge)  may  be  joined  to  the 
zenith,  or  point  of  latitude.  This  done,  bring 
the  fun’s  place  in  the  ecliptic  for  the  given  day, 

(found  by  Prob.  X,)  to  the  graduated  fide  of  the 
brafen  meridian,  and  let  the  hour-index  to  XII 
at  noon,  which  is  the  uppermofl  XII  on  the  hour- 
circle  j and  the  globe  will  be  redified. 

The  latitude  of  any  place  is  equal  to  the  ele-  Remark, 
vation  of  the  neareft  pole  of  the  heaven  above 
the  horizon  of  that  place;  and  the  poles  of 
the  heaven  are  diredly  over  the  poles  of  the 
earth,  each  50  degrees  from  the  equinodial 
line.  Let  us  be  upon  what  place  of  the  eavth 
we  will,  if  the  limits  of  our  view  be  not  in- 
tercepted by  hills,  we  lhall  fee  one  half  of  the 
heaven,  or  90  degrees,'  every  way  round,  from 
that  point  which  is  over  our  heads.  Therefore, 

* lfwe  wer«  upon  the  equator,  the  poles  of  the 
heaven  would  lie  in  our  horizon,  or  limit  of  our 
view  ; if  we  go  from  the  equator,  toward  either 
pole  of  the  earth,  we  lhall  fee  the  correfpondina 
pole  of  the  heaven  riling  gradually  above  our 
honzon,  juft  as  many  degrees  as  we  have  gone 
rom  the  equator  : and  if  we  were  at  either  of 
.the  earth  s polts,  the  correfponding  pole  of  the 
heaven  would  be  diredly  over  our  head.  Con- 
Lquemly,  the  elevation  or  height  of  the  pole  in 

T 3 degrees 
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degrees  above  the  horizon,  is  equal  to  the  num- 
ber of  degrees  that  the  place  is  from  the  equator, 

PROBLEM  XVIII. 

The  latitude  of  any  place , not  exceeding  * 66  f-  de- 
grees > and  the  day  of  the  month , being  given  ■,  to 
find  the  time  of  fun-rifing  and Jetting , and  confe- 
quently  the  length  of  the  day  and  night. 

Having  re&ified  the  globe  for  the  latitude, 
and  for  the  fun’s  place  oh  the  given  day  (as  di- 
• reeled  in  the  preceding  problem),  bring  the  fun’s 
* place  in  the  ecliptic  to  the  eaftern  fide  of  the  ho^ 
rizon,  and  the  hour-index  will  fhew  the  time  of 
'fun-rifing  j then  turn  the  globe  on  its  axis,  until 
the  fun’s  place  comes  to  the  weftern  fide  of  the 
horizon,  and  the  index  will  fhew  the  time  of  fun- 
fetting. 

The  hour  of  fun-'fetting  doubled,  gives  the 
length  of  the  day  ; and  the  hour  of  fun-rifing 
doubled,  gives  the  length  of  the  night. 

PROBLEM  XIX. 

The  latitude  of  any  place , and  the  day  of  the  month , 
being  given  j to  find  when  the  morning  twilight 
begins , and  the  evening  twilight  ends. , at  that 
place. 

» 

This  problem  is  often  limited  ; for,  when  the 
fun  does  not  go  18  degrees  below  the  horizon, 
the  twilight  continues  the  whole  night  5 and  for 

* All  places  whole  latitude  is  more  than  66~  degrees,  are 
in  the  frigid  zones : and  to  thofe  places  the  fun  does  not  fet 
in  fummer,  for  a certain  number  of  diurnal  revolutions, 
which  occaftons  this  limitation  of  latitude. 

feveral 
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feveral  nights  together  in  fummer,  between  49 
and  66l  degrees  of  latitude  : and  the  nearer  to 
66t>  the  greater  is  the  number  of  thefe  nights. 
But  when  it  does  begin  and  end,  the  follow- 
ing method  will  ihew  the  time  for  any  given 
day. 

Rectify  the  globe,  and  bring  the  fun’s  place  in 
the  ecliptic  to  the  eaftern  fide  of  the  horizon  ; 
then  mark  that  point  of  the  ecliptic  with  a chalk 
which  is  in  the  weflern  fide  of  the  horizon,  it  be- 
ing the  point  oppofite  to  the  fun’s  place : this 
done,  lay  the  quadrant  of  altitude  over  the  faid 
point,  and  turn  the  globe  eaftward,  keeping  the 
quadrant  at  the  chalk-mark,  until  it  is  juft  18 
degrees  high  on  the  quadrant;  and  the  index, 
will  point  out  the  time  when  the  morning  twi- 
light begins:  for  the  fun’s  place  will  then  be  18 
degrees  below  the  eaftern  fide  of  the  horizon. 
To  find  the  time  when  the  evening  twilight  ends, 
bring  the  fun’s  place  to  the  weftern  fide  of  the 
horizon;  and  the  point  oppofite  to  it,  which  was 
marked  with  the  chalk,  will  be  rifing  in  the  eaft: 
then,,  bring  the  quadrant  over  that  point,  and 
keeping  it  thereon,  turn  the  globe  weftward, 
until  the  faid  point  be  18  degrees  above  the  ho- 
rizon  on  the  quadrant,  and  the  index  will  fhew 
the  time  when  the  evening  twilight  ends ; the 
fun  s place  being  then  18  degrees  below  the 
weftern  fide  of  the  horizon. 
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PROBLEM  XX. 

To  find  on  what  day  of  the  year  the  fun  begins  to 
' fhine  confiantly  without  fetting,  on  any  given  place 
in  the  north  frigid  zone  ; and  ho  w long  he  con- 
tinues to  do  fo. 

Redlify  the  globe  to  the  latitude  of  the  phc<?, 
and  turn  it  about  until  fome  point  of  the  ecliptic, 
between  Aries  and  Cancer , coincides  with  the 
north  point  of  the  horizon  where  the  brafen 
meridian  cuts  it : then  find,  on  the  wooden 
horizon,  what  day  of  the  year  the  fun  is  in  that 
point  of  the  ecliptic ; for  that  is  the  day  on 
which  the  fun  begins  to  fhine  confiantly  on  the 
given  place,  without  fetting.  This  done,  turn 
the  globe  until  fome  point  of  the  ecliptic,  be- 
tween Cancer  and  Libra , coincides  with  the 
north  point  of  the  horizon,  where  the  brafen 
meridian  cuts  it ; and  find,  on  the  wooden 
horizon,  on  what  day  the  fun  is  in  that  point  of 
the  ecliptic;  which  is  the  day  that  the  fun  leaves 
off  confiantly  fbining  on  the  faid  place,  and  rifes 
and  fets  to  it  as  to  orhec  places  on  the  globe. 
The  number  of  natural  days,  or  complete  re- 
volutions of  the  fun  about  the  earth,  between 
the  two  days  above  found,  is  the  time  that  the 
fun  keeps  confiantly  abovd  the  horizon  without 
fetting : for  all  the  portion  of  the  ecliptic,  that 
lies  between  the  two  points  which  interfcdl  the 
horizon  in  the  very  north,  never  fets  below  it: 
and  there  is  juft  as  much  of  the  oppofite  part  of 
the  ecliptic  that  never  rifes;  therefore,  tiie  fun 
will  keep  as  long  confiantly  below  the  horizon  in 
winter,  as  above  it  in  fummer. 


Whoever 
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Whoever  confidcrs  the  globe,  will  find,  that 
all  places  of  the  earth  do  equally  enjoy  the  be- 
nefit of  the  fun,  in  refpe£t  of  time,  and  are 
equally  deprived  of  it.  For,  the  days  and  nights 
are  always  equally  long  at  the  equator  : and  in  all 
places  that  have  latitude,  the  days  atone  tune  of 
the  year  are  exadlly  equal  to  the  nights  at  the 
oppofite  feafon. 

PROBLEM  XXI. 

To  find  in  what  latitude  the  fun  fihines  confiantly 
without  Jetting,  for  any  length  of  time  lefs  than 
*\%i\of  our  days  and  nights. 

Find  a point  in  the  ecliptic  half  as  manv  de- 
grees from  the  beginning  of  Cancer  (either  to- 
ward Aries  or  Libra)  as  there  are  natural  days  f 
in  the  time  given  ; and  bring  that  point  to  the 
north  fide  of  the  brafen  meridian,  on  which  the 
degrees  are  numbered  from  the  pole  toward 
the  equator  : then,  keep  the  globe  from  turning 
on  its  axis,  and  Aide  the  meridian  up  or  down, 
until  the  aforefaid  point  of  the  ecliptic  comes 
to  the  north  point  of  the  horizon,  and  then,  the 
elevation  of  the  pole  will  be  equal  to  the  latitude 
required. 

* The  reafon  of  this  limitation  is,  that  1821  of  our  days 
and  nights  make  half  a year,  which  is  the  longell  time  that 
the  fun  (hines  without  fetting,  even  at  the  poles  of  the  earth. 

f A natural  day  contains  the  whole  24.  hours  : an  arti- 
ficial day,  the  time  that  the  fan  is  above  the  horizon. 
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. 4 i 

PROBLEM  XXII. 

1 , . - n 

The  latitude  of  a -place , not  exceeding  664  degrees , 
/£<?  ^_y  0/  the  month  being  given-,  to  find 
the fun's  amplitude,  point  of  the  compafs  on  which 
he  rifes  or  Jets  on  that  day. 

\ 

Redlify  the  globe,  and  bring  the  fun’s  place 
to  the  eaftern  fide  of  the  horizon  ; then  obferve 
what  point  of  the  compafs  on  the  horizon  (lands 
right  againft  the  fun’s  place,  for  that  is  his  am- 
plitude at  rifing.  This  done,  turn  the  globe 
weftward,  until  the  fun’s  place  comes  to  the 
weftern  fide  of  the  horizon,  and  it  will  cut  the 
point  of  his  amplitude  at  fetting.  Or,  you  may 
count  the  rifing  amplitude  in  degrees,  from  the 
eaft  point  of  the  horizon,  to  that  point  where 
the  fun’s  place  cuts  it ; and  the  fetting  ampli- 
tude, from  the  weft  point  of  the  horizon,  to  the 
fun’s  place  at  fetting. 


PROBLEM  XXIII. 

The  latitude,  the  fun's  place,  and  his  altitude *, 
being  given  to  find  the  hour  of  the  day , and 
the  fun's  azimuth , or  number  of  degrees  that  he 

is  dift ant  from  the  meridian. 

' \ 

/ * ••  ? 

Rectify  the  globe,  and  bring  the  fun’s  place 
to  the  given  height  upon  the  quadrant  of  alti- 
tude -,  on  the  eaftern  fide  of  the  horizon,  if  the 
time  be  in  the  forenoon  or  the  weftern  fide,  if 

* The  fun’s  altitude,  at  any  time,  is  his  height  in  degree* 
above  tfre  horizon  at  that  time. 

It  * 
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it  be  in  the  afternoon  : then,  the  index  will  {hew 
the  hour  j and  the  number  of  degrees  in  the  ho- 
rizon intercepted  between  the  quadrant  of  alti- 
titude  and  the  fouth  point,  will  be  the  fun’s  true 
azimuth  at  that  time, 

N.B  Always  when  the  quadrant  of  altitude  is 
mentioned  in  working  any  problem,  the  gra- 
duated edge  of  it  is  meant. 

If  this  be  done  at  fea,  and  compared  with  the 
fun’s  azimuth,  as  fhewn  by  the  compafs,  if  they 
agree,  the  compafs  has  no  variation  in  that  place: 
but  if  they  differ,  the  compafs  does  vary  j and 
the  variation  is  equal  to  this  difference. 


PROBLEM  XXIV. 

The  latitude , hour  of  the  day , and  the  fun's  placey 
being  given ; to  find  the  Jurf  s altitude  and 
azimuth. 

Re&ify  the  globe,  and  turn  it  until  the  index 
points  to  the  given  hour  ; then  lay  the  quadrant 
of  altitude  over  the  fun’s  place  in  the  ecliptic, 
and  the  degree  of  the  quadrant  cut  by  the  fun’s 
place  is  his  altitude  at  that  time  above  the 
horizon  ; and  the  degree  of  the  horizon  cut  by 
the  quadrant  in  the  fun’s  azimuth,  reckoned  from 
the  fouth. 
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PROBLEM  XXV. 

The  latitude , the  fun's  altitude , and  his  azimuth 
being  given ; to  find  his  place  in  the  ecliptic , the 
day  of  the  month , and  hour  of  the  day,  though 
they  had  all  been  loft. 

RetSlify  the  globe  for  the  latitude  and  zenith*, 
and  fet  the  quadrant  of  altitude  to  the  given 
azimuth  in  the  horizon  ; keeping  it  there,  turn 
the  globe  on  its  axis  until  the  ecliptic  cuts  the 
quadrant  in  the  given  altitude:  that  point  of 
the  ecliptic  which  cuts  the  quadrant  there,  will 
be  the  fun’s  place  ; and  the  day  of  the  month 
anlwering  thereto,  will  be  found  over  the  like 
place  of  the  fun  on  the  wooden  horizon.  Keep 
the  quadrant  of  altitude  in  that  pofition,  and 
having  brought  the  fun’s  place  to  the  brafen  me- 
ridian, and  the  hour-index  to  XII  at  noon,  turn 
back  the  glebe,  until  the  fun’s  place  cuts  the 
quadrant  of  altitude  again,  and  the  index  will 
fhew  the  hour. 

Any  two  points  cf  the  ecliptic  which  are 
equidiflant  from  the  beginning  of  Cancer  or  of 
Capricorn,  will  have  the  fame  altitude  and  ezk 
muth  at  the  fame  hour,  though  the  months  be 
different;  and  therefore  it  requires  fome  care  in 
this  problem,  not  to  millake  both  the  month, 
and  the  day  of  the  month  ; to  avoid  which,  ob- 
ferve}  that  from  the  20th  of  March  to  the  21ft 
cfjune,  that  part  of  the  ecliptic  which  is  be- 

• By  rectifying  the  globe  for  the  zenith,  is  meant  (crew- 
ing the  quadrant  of  altitude  to  the  given  latitude  on  the 
brafs  meridian. 
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tween  rhe  beginning  of  Aries  and  beginning 
Cancer  is  to  be  ufcd  : from  the  21  ft  of  June  to 
the  22;!  of  September,  between  the  beginning 
of  Cancer  and  beginning  of  Libra:  from  the 
22J  of  September  to  the  21ft  of  December, 
between  the  beginning  of  Libra  and  the  begin- 
ning of  Capricorn ; and  from  the  21ft  of  Decem- 
ber to  the  20th  of  March,  between  the  begin- 
ning of  Capricorn  and  beginning  of  Aries.  And 
as  one  can  never  be  at  a lofs  to  know  in  what 
quarter  of  the  year  he  takes  the  fun’s  altitude  and 
azimuth,  the  above  caution,  with  regard  to  the 
quarters  of  the  ecliptic,  will  keep  him  right  as 

to  the  month  and  dav  thereof. 

* 


PROBLEM  XXVI. 

x ‘ • ■ \ * ( 1 

To  find  the  length  of  the  longejl  day  at  any  given 

place. 

If  the  place  be  on  the  north  fide  of  the  equa- 
tor, find  its  latitude  (by  Prob.  I.)  and  elevate 
the  north  pole  to  that  latitude  ; then,  bring  the 
beginning  of  Cancer  % to  the  brafen  meridian, 
and  fet  the  hour-index  to  XII  at  noon.  But  if 
the  given  place  be  on  the  fouth  fide  of  the 
equator,  elevate  the  fouth  pole  to  its  latitude, 
and  bring  the  beginning  of  Capricorn  ys  to  the 
brafs  meridian,  and  the  hour- index  to  XII. 
This  done,  turn  the  globe  vveftward,  until  the 
beginning  of  Cancer  or  Capricorn  (as  the  latitude 
is  north  or  fouth)  comes  to  the  horizon;  and 
the  index  will  then  point  out  the  time  of  fun- 
lettmg,  for  it  will  have  gone  over  all  the  after- 
noon hours,  between  mid-day  and  fun-fet; 

which 
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which  length  of  time  being  doubled,  will  give 
the  whole  length  of  the  day,  from  fun-rifing  to 
fun-fetting.  For,  in  all  latitudes,  the  fun  rifes 
as  long  before  mid  day,  as  he  fets  after  it. 

/ • S 

PROBLEM  XXVII. 

To  find  in  what  latitude  the  longefi  day  is  of  any 
given  length  lefs  than  24  hours . 

If  the  latitude  be  north,  bring  the  beginning 
of  Cancer  to  the  brafen  meridian,  and  elevate 
the  north  pole  to  about  664-  degrees ; but  if 
the  latitude  be  fouth,  bring  the  beginning  of 
Capricorn  to  the  meridian,  and  elevate  the  fouth 
pole  to  about  664  degrees ; becaufe  the  longed 
day  in  north  latitude,  is  when  the  fun  is  in  the 
firft  point  of  Cancer  ; and  in  fouth  latitude, 
when  he  is  in  the  firft  point  of  Capricorn.  Then 
fet  the  hour-index  to  XII  at  noon;  and  turn  the 
globe  weftward,  until  the  index  points  at  half 
the  number  of  hours  given  ; which  done,  keep 
the  globe  from  turning  on  its  axis,  and  Aide  the 
meridian  down  in  the  notches,  until  the  afore- 
faid  point  of  the  ecliptic  (viz.  Cancer  or  Capri- 
corn) comes  to  the  horizon  ; then,  the  elevation 
of  the  pole  will  be  equal  to  the  latitude  re- 
quired. 


) 
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PROBLEM  XXVIII. 

The  latitude  of  any  place , not  exceeding  66 4-  de- 
grees, being  given  j find  in  what  climate  * 
the  place  is. 

Find  the  length  of  the  longeft  day  at  the  given 
place  by  Prob.  XXVI.  and  whatever  be  the 
number  of  hours  whereby  it  exceeds  twelve, 
double  that  number,  and  the  fum  will  anfwer  to 
the  climate,  in  which  the  place  is. 


PROBLEM  XXIX. 

The  latitude , and  the  day  of  the  month , being given ; 
to  find  the  hour  of  the  day  when  the  fun  fhines . 

Set  the  wooden  horizon  truly  level,  and  the 
brafen  meridian  due  north  and  fouth  by  a ma- 
nner’s compafs : then,  having  re&ified  the 
globe,,  flick  a fmall  fewing  needle  into  the  fun’s 
place  in  the  ecliptic,  perpendicular  to  that  part 
of  the  furface  of  the  globe  : this  done,  turn  the 
globe  on  its  axis,  until  the  needle  comes  to  the 
brafen  meridian,  andfec  the  hour-index  to  XII. 


A clima,fdrom  the  equator  to  either  of  the  polar  cir 

f rh  15  °[the  earth’s  furface>  included  between  tw< 

fuch  parallels  of  latitude,  that  the  length  of  the  lonvd 
day  in  the  one  exceeds  that  in  the  other  by  half  an  hour 

fon/Th"  the.P°!ar  Clrcles  t0  the  P°ks,  where  the  fun  keep 

fe  fa  whole  LnthT  each  diniate  dif 

ten  a whole  month  from  the  one  next  to  it.  There  an 

polTcirTel  and'fn  bfCtwee\the  equator  and  eachoftht 
p0Ic  '5  ’ and  flX  frcm  cach  polar  circle  to  its  refpedm 


I I 


at 


290 


The  JJJe  of  the  Terrejtrial  Globe. 

at  noon;  then,  turn  the  globe  on  its  axis,  until 
the  needle  points  exadcly  toward  the  fun,  (which 
it  will  do  when  it  cafts  no  fhadow  on  the  globe,) 
and  the  index  will  fhew  the  hour  of  the  day. 


PROBLEM  XXX. 

A pleefant  way  of  fhewing  all  thofe  places  of  the 
earth  which  are  enlightened  by  the  fun>  and  alfo 
the  time  of  the  day  when  the  fun  ft Vines. 

Take  the  terreftrial  ball  out  of  the  wooden 
horizon,  and  alfo  out  of  the  brafen  meridian  ; 
then  fet  ic  upon  a pedeftal  in  fun-fhine,  in  fuch 
a manner,  that  its  north  pole  may  point  diredly 
toward  the  north  pole  of  the  heaven,  and  the 
meridian  of  the  place  where  you  are  be  direclly 
toward  the  fouth.  Then,  the  fun  will  lhine 
upon  all  the  like  places  of  the  globe,  that  he 
does  on  the  real  earth,  rifmg  to  fome  when  he 
is  letting  to  others ; as  you  may  perceive  by  that 
part  where  the,  enlightened  half  of  the  globe  is 
divided  from  the  half  in  the  fhade,  by  the- 
boundary  of  the  light  and  darknefs  : all  thofe 
places,  on  which  the  fun  fhines,  at  any  time, 
having  day;  and  all  thofe,  on  which  he  does' 
not  fhinc,  having  night. 

If  a narrow  flip  of  paper  be  put  round  the 
equator,  and  divided  into  24  equal  parts,  be- 
ginning at  the  meridian  of  your  place,  and  the 
hours  be  fet  to  thofe  divifions  in  fuch  a manner, 
that  one  of  the  VPs  may  be  upon  your  meri- 
dian ; the  fun  being  upon  that  meridian  at 
noon,  will  then  (hine  exadly  to  the  two  XIPs  j 
and  at  one  to  the  two  Ps,  &c.  So  that  the 
, 3 place, 
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place,  where  the  enlightened  half  of  the  globe 
is  parted  from  the  fhaded  half,  in  this  circle  of 
hours,  will  (hew  the  time  of  the  day. 

The  principles  of  dialing  fhall  be  explained 
farther  on,  by  the  terreftrial  globe.  At  prefent 
we  fhall  only  add  the  following  obfervations 
upon  it  5 and  then  proceed  to  the  ufe  of  the  ce- 
leftial  globe. 

i . The  latitude  of  any  ■place  is  equal  to  the  eleva- 
tion of  the  pole  above  the  horizon  of  that  place , 
and  the  elevation  of  the  equator  is  equal  to  the  com- 
plement of  the  latitude , that  is,  to  what  the  lati- 
tude wants  of  90  degrees . 

> 2.  Thofe  places  which  lie  on  the  equator,  have  no 
latitude , it  being  there  that  the  latitude  begins  \ and 
thofe  places  which  lie  on  the  firjl  meridian  have  no 
longitude , it  being  there  that  the  longitude  begins . 
Confequently , that  particular  place  of  the  earth 
where  the  firjl  meridian  interfebts  the  equator , has 
neither  longitude  nor  latitude . 

3.  At  all  places  of  the  earth,  except  the  poles, 
all  the  points  of  the  compafs  may  be  difiinguifhed  in 
the  horizon  : but  from  the  north  pole,  every  place 
is  fouth  ; and  from  the  fouth  pole , every  place 
is  north.  Therefore , as  the  fun  is  confiantly  above 
the  horizon  of  each  pole  for  half  a year  in  it's  turn, 
he  cannot  be  faid  to  depart  from  the  meridian  of 
either  pole  for  half  a year  together.  Confequently, 

Iat  the  north  pole  it  may  be  faid  to  be  noon  every  mo- 
ment for  half  a year ; and  let  the  winds  blow 
from  what  part  they  will,  they  mufi  always  blow 
from  the  Jouth  j and  at  the  fouth  pole,  from  the 
north. 

> 4*  Becaufe  one  half  of  the  ecliptic  is  above  the 

i horizon  of  the  pole,  and  the  fun,  moon , and  planett 
move  in  ( or  nearly  in ) the  ecliptic  \ they  will  all 
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rife  and  Jet  to  the  poles.  But , becauje  the  Jlars  never 
change  their  declinations  from  the  equator , ( at  leaf 
not  Jenfibly  in  one  age,)  thoje  which  are  once  above 
the  horizon  of  either  pole , never  Jet  below  it ; and 
thoje  which  are  once  below  it,  never  rife. 

5.  All  places  of  the  earth  do  equally  enjoy  the  be- 
nefit of  the  fun,  in  refpedi  of  time , and  are  equally 
deprived  of  it. 

6.  All  places  upon  the  equator  have  their  days 
and  nights  equally  long,  that  is,  1 1 hours  each , at  j 
all  times  of  the  year.  For  although  the  fun  declines , 
alternately , from  the  equator  toward  the  north  and 
toward  the  fouth , yet , as  the  horizon  of  the  equa- 
tor cuts  all  the  parallels  of  latitude  and  declination 
in  halves,  the  fun  mufl  always  continue  above  the 
horizon  for  one  half  a diurnal  revolution  about  the 
earth , and  for  the  other  half  below  it. 

7.  When  the fun's  declination  is  greater  than  the 
latitude  of  any  place,  upon  either  fide  of  the  equator, 
the fun  will  come  twice  to  the  fame  azimuth  or  pdint 
of  the  sompafs  in  the  forenoon,  at  that  place,  and ' I 
twice  to  a like  azimuth  in  the  afternoon ; that  is,  - 
he  will  go  twice  back  every  day,  while  his  declina- 
tion continues  to  be  greater  than  the  latitude.  Thus , * 
fuppcfe  the  globe  rectified  to  the  latitude  of  Barba- 
docs,  which  is  13  degrees  north ; and  the  fun  to  be  ' 
any  where  in  the  ecliptic , betzveen  the  middle  of 
Taurus  and  middle  of  Leo  ; if  the  quadrant  of  al- 
titude be  fet  to  about  1 8 degrees  * north  of  the  eafi 
in  the  horizon,  . the  fun's  place  be  marked  with  a 
chalk  upon  the  ecliptic,  a,nd  the  globe  be  then  turned 
wefiward  on  its  axis,  the  faid  mark  will  rife  in  the 
horizon  a little  to  the  north  of  the  quadrant , and 
thence  aj 'c ending,  it  will  crofs  the  quadrant  toward 

* From  the  middle  of  Gemini  to  the  middle  of  Cancer, 
the  quadrant  may  be  i'et  io  degrees. 
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the  Jouth  ; but  before  it  arrives  at  the  merididn,  it 
will  crofs  the  quadrant  again , and  pafs  over  the 
meridian  northzvard  of  Barbados.  And  if  the 
quadrant  beftet  about  r8  degrees  north  of  the  weft , 
the  fun's  place  will  crofs  it  twice , as  it  defcends  from 
the  meridian  toward  the  horizon , in  the  after - 
noon. 

b.  In  all  places  of  the  earth  between  the  equator 
and  poles,  the  days  and  nights  are  equally  Ion? , viz» 
12  hours  each,  when  the  fun  is  in  the  equinoctial  > 
for > in  all  elevations  of  the  pole,  Jhort  of  yo  degrees 
( which  is  the  great  eft'}  one  half  of  the  equator  or 
equinoctial  will  be  above  the  horizon , and  the  other 
half  below  it. 

y.  The  days  and  nights  are  never  of  an  equal 
length  at  any  place  between  the  equator  and  polar 
circles , but  when  the  fun- enters  the  ftgns  T1  Aries  and 
*7  Libra.  For  in  every  other  part  of  the  ecliptic , 
toe  circle  of  the  fun' s daily  motion  is  divided  into 
two  unequal  parts  by  the  horizon. 

10.  The  nearer  any  place  is  to  the  equator , the 
lefts  is  the  difference  between  the  length  of  the  days 
and  nights  in  that  place-,  and  the  more  remote. , 
the  contrary.  The  circles  which  the  fun  deftcribes 
tn  the  heaven  every  24  hours , being  cut  more  nearly 

7atterH  th‘f0rm*r  cafe*  and  mcre  uneluully  in  the 

11.  in  all  places  lying  upon  any  given  parallel 
of  latitude , however  long  or  fth or t the  day  or  night  ■ 
he  at  any  one  of  thefte  places,  at  any  time  of  the 
year,  it  is  then  of  the  fame  length  at  all  the  red  - 
for  m turning  the  globe  round  its  axis  (when  recti- 
fied, according  to  the  fun's  declination ) all  thefe 

places  will  keep  equally  long  above  or  below  the  ho- 
rizon. 

\2.  The  fun  is  vertical  twite  a year  to  even 
place  between  the  tropics ; to  thofe  under  the  tropics, 

> ^ 2 once 
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once  a year,  but  never  any  where  elfe.  For,  there 
can  be  no  place  between  the  tropics,  but  that  there 
will  be  t wo  points  in  the  ecliptic , whoje  declination 
from  the  equator  is  equal  to  the  latitude  of  that 
place ; and  but  one  point  of  the  ecliptic  which  has 
a declination  equal  to  the  latitude  of  places  on  the 
tropic  which  that  point  of  the  ecliptic  touches ; and 
as  the  fun  never  goes  without  the  tropics,  he  can 
never  be  vertical  to  any  place  that  lies  without 
them. 

13.  To  all  places  in  the  torrid  zone  *,  the  dura- 
tion of  the  twilight  is  leaf,  becauje  the  fun's  daily 
motion  is  the  majl  perpendicular  to  the  horizon.  In 
the  frigid  zones  f,  greatejl ; becauje  the  fun's  daily 
motion  is  nearly  parallel  to  the  horizon  ; and  there-  , 
fore  he  is  the  longer  of  getting  1 8 degrees  below  it, 
till  which  time  the  twilight  always  continues. 
And  in  the  temperate  zones  J.  it  is  at  a medium  be- ' 
tween  the  two,  becauje  the  obliquity  of  the  fun's 
daily  motion  is  Jo. 

14.  In  all  places  lying  exatlly  under  the  polar . 
circles , the  fun,  when  he  is  in  the  nearejl  tropic, 
continues  24  hours  above  the  horizon  without  Jet- 
ting ; becauje  no  part  of  that  tropic  is  below  their 
horizon.  And  when  the  fun  is  in  the  farthejl 
tropic , he  is  for  the  fame  length  of  time  without 
rifing ; becauje  no  part  of  that  tropic  is  above  their 
horizon.  But,  at  all  other  times  of  the  year,  he 
rijes  and Jets  there,  as  in  other  places ; becauje  all 
the  circles  that  can  be  drawn  parallel  to  the  equator, 
between  the  tropics,  are  more  or  lejs  cut  by  the 
horizon,  as  they  are  farther  from,  or  nearer  to, 
that  tropic  which  is  all  above  the  horizon : and 

* Between  the  tropics, 
f Between  the  polar  circles  and  poles. 

' i Between  the  tropics  and  polar  circles. 

when 
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when  the  Jun  is  not  in  either  of  the  tropics , his 
diurnal  courfe  mujl  be  in  one  or  other  of  thefe 
circles. 

15.  To  all  places  in  the  northern  hemifphere, 
from  the  equator  to  the  polar  circle , the  longejl  day 
and  fiortejl  night  is  when  the  fun  is  in  the  northern 
tropic j and  the  fiortejl  day  and  longeft  night  is 
when  the  fun  is  in- the  fouthern  tropic  •,  becaufe  no 
circle  of  the  fun's  daily  motion  is  fo  much  above  the 
horizon , and fo  little  below  it,  as  the  northern  tro- 
pic ; and  none  fo  little  above  it,  and fo  much  below 
it,  as  the  fouthern.  In  the  fouthern  hemifpherey 
the  contrary. 

1 6.  In  all  places  between  the  polar  circles  a?jd 

poles , the fun  appears  for  fome  number  of  days  (or 
rather  diurnal  revolutions ) without  Jetting  and  at 
the  oppcfite  time  of  the  y ear  without  rifing  ; becaufe 
fome  part  of  the  ecliptic  never  Jets  in  the  former 
cafe , and  as  much  of  the  oppcfite  pari  never  rifes  in 
the  latter . And  the  nearer  unto,  or  the  more  re- 

mote  from  the  pole , thefe  places  are , the  longer  or 
fiorter  is  the  fun' s continuing  prefence  or  abfence. 

J7-  Jf  a flip  fets  out  from  any  port,  and  fails 
round  the  earth  eaftwarj  to  the  fame  port  again , 
let  her  take  what  time  foe  will  to  do  it  in,  the 
people  in  that  fhip , in  reckoning  their  time , will 
gain  one  complete  day  at  their  return,  or  count  one 
day  more  than  thof  who  refide  at  the  fame  port ; 
becaufe,  by  going  contrary  to  the  fun's  diurnal  motion, 
and  being  forwarder  every  evening  than  they  were 
in  the  morning , their  horizon  will  get  f a much  the 
fooner  above  the  Jetting  fun,  than  if  they  had  kept 
for  a whole  day  at  any  particular  place.  And  thus, 
by  cutting  of  a,  pari  proportionable  to  their  own 
motion,  from  the  length  of  every  day,  they  will 
gam  a complete  day  of  that  fort  at  their  return  ; 
Without  gaming  one  moment  of  ab Joint e time  more 

^3  than 
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than  is  elapfed  during  their  courfe , to  the  people  at 
the  port.  If  they  fail  weflward , they  will  reckon 
one  day  lefs  than  the  people  do  who  refide  at  the 
f aid  port,  becaufe,  by  gradually  following  the  ap-  < 
parent  diurnal  motion  of  the  fun , they  will  keep 
him  each  particular  day  fo  much  longer  above  their 
horizon,  as  anfwers  to  that  day's  courfe  and  by 
that  means,  they  cut  off  a whole  day  in  reckoning , 
at  their  return,  without  lofing  one  moment  of  ab- 
folute  time. 

Hence,  if  two  ffips  fhould  fet  out  at  thefame 
time  from  any  port , and  Jail  round  the  globe,  one  ' 
eajlward  and  the  other  weftward,  Jo  as  to  meet  at 
the  fame  port  on  any  day  whatever-,  they  will  differ 
two  days  in  reckoning  their  time,  at  their  return. 

If  they  Jail  twice  round  the  earth , they  will  differ 
four  days j if  thrice,  then  fix , &c. 


The  celej- 
tial  Jobe. 


To  rec- 
tify it. 


LECT.  IX. 

The  ufe  of  the  celeftial  globe,  and  armillary 
■Sphere. 

AVING.  done  for  the  prefent  with  the 
terreftrial  globe,'  we  (hall  proceed  to  the 
ufe  of  the  celeftial ; firft  premifing,  that  as  the 
equator,  ecliptic,  tropics,  polar  circles,  hori- 
zon, and  brafen  meridian,  are  exadlly  alike  on 
both  globes,  all  the  former  problems  concern- 
ning  the  fun  are  folved  the  fame  way  by  both 
globes.  The  method  alfo  of  reftifyin^  the 
celeftial  globe  is  the  fame  as  redtifying  the  ter- 
reftrial, viz.  Elevate  the  pole  according  to  the 
latitude  of  your  place,  then  fcrew  the  quadrant 
of  altitude  to  the  zenith,  on  the  brafs  meridian ; 
bring  the  fun’s  place  in  the  ecliptic  to  the 
graduated  edge  of  the  brafs  meridian,  on  the 

' fide 
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fide  which  is  above  the  fouth  point  of  the  wooden 
horizon,  and  fet  the  hour-index  to  the  upper- 
mod  XII,  which  Hands  for  noon. 

N.B.  The  fun’s  place  for  any  day  of  the  year 
Hands  dire&ly  over  that  day  on  the  horizon  of 
the  celellial  globe,  as  it  does  on  that  of  the  ter- 
reftrial. 

The  latitude  and  longitude  of  the  liars,  and  of  Latitude 
all  other  celeftial  phenomena,  are  reckoned  in  a 
very  different  manner  from  the  latitude  and  fCjJarSt 
longitude  of  places  on  the  earth  : for  all  terref- 
trial  latitudes  are  reckoned  from  the  equator  ; 
and  longitudes  from  the  meridian  of  fome  re- 
markable place,  as  of  London  by  the  Britifh, 
and  of  Paris  by  the  French;  though  moll  of 
the  French  maps  begin  their  longitude  at  the 

meridian  of  the  ifland  Ferro. But  the  aftro- 

nomers  of  all  nations  agree  in  reckoning  the 
latitudes  of  the  moon,  liars,  planets,  and  comets, 
from  the  ecliptic ; and  their  longitudes  from  the 
equinoctial  colure* , in  that  femicircle  of  it  which 
cuts  the  ecliptic  at  the  beginning  of  Aries , ; 

and  thence  eallward,  quite  round,  to  the  fame 
femicircle  again.  Confcquently  thofe-ftars  which 
lie  between  the  equinoctial  and  the  northern 
half  of  the  ecliptic,  have  north  declination  and 
fouth  latitude  ; thofe  which  lie  between  the 
equinoftial  and  the  fouthern  half  of  the  ecliptic, 
have  fouth  declination  and  north  latitude ; and 

* The  great  circle  that  ps.fles  through  the  equinoctial 
joints  at  the  beginning  of  v and  and  through  the  poles 
of  the  world  (which  are  two  oppofite  points,  each  99  de- 
grees from  the  equinodtial)  is  called  the  equinoctial  colure  ; Colures 
and  great  circle  chat  palTes  through  the  beginning  of  gs 
and  left  and  al!o  through  th z poles  of  the  ecliptic  and  poles  of 
the  world,  is  called  the  foljlitial  colure. 
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all  thofe  which  lie  between  the  tropics  and  poles 
have  their  declinations  and  latitudes  of  the  fame 
denomination. 

There  are  fix  great  circles  on  the  celeftial 
globe,  which  cut  the  ecliptic  perpendicularly, 
and  meet  in  two  oppofite  points  in  the  polar 
circles  j which  points  are  each  ninety  degrees 
from  the  ecliptic,  and  are  called  its  poles. 
Thefe  polar  points  divide  thofe  circles  into  13 
femicircles  ; which  cut  the  ecliptic  at  the  begin- 
ning of  the  12  figns.  They  refemble  fo  many 
meridians  on  the  terreftriai  globe ; and  as  all 
places  which  lie  under  any  particular  meridian 
femicircle  on  that  globe,  have  the  fame  longi- 
tude, fo  all  thofe  points  of  the  heaven,  through 
which  any  one  of  the  above  femicircles  are 
drawn,  have  the  fame  longitude.-— And  as  the 
greateft  latitudes  on  the  earth  are  at  the  north 
and  fouth  poles  of  the  earth,  fo  the  greateft  lati- 
tudes in  the  heaven  are  at  the  north  and  fouth 
poles  of  the  ecliptic. 

In  order  to  diftinguifh  the  ftars,  with  regard 
to  their  fituations  and  p Titions  in  the  heaven, 
the  ancients  divided  the  whole  vifible  firmament 
of  fiars  into  particular  fyftems,  which  they  called 
conjlellations  and  digefted  them  into,  the  forms 
of  luch  animals  as  are  delineated  upon  the  cclef- 
tial  globe.  And  thofe  ftars  which  lie  between 
the  figures  of  thofe  imaginary  animals,  and  could 
not  be  brought  within  the  compafs  of  any  of 
them,  were  called  unformed  /tars . 

Becaufe  the  moon  and  all  the  planets  were 
obferved  to  move  in  circles  or  orbits  which  crofs 
the  ecliptic  (or  line  of  the  fun’s  path)  at  fmall 
angles,  and  to  be  on  the  north  fide  of  the  eclip- 
tic for  one  half  of  their  courfe  round  the  hea- 
ven of  ftars,  and  on  the  fouth  fide  of  it  for  the 

other 
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other  half,  but  never  to  go  quite  8 degrees  from 
it  on  either  fide,  the  ancients  diftinguifhed  that 
fpace  by  two  leffer  circles,  parallel  to  the  ecliptic 
(one  on  each  fide)  at  8 degrees  diftance  from  it. 

And  the  fpace  included  between  the  circles, 
they  called  the  zodiac , becaufe  moft  of  the  1 2 Zodiac. 
conftellations  placed  therein  refemble  fome  living 
creature. — Thefe  conftellations  are,  i.  Aries 
the  ram  ; 2.  ‘Taurus  s,  the  bull;  3.  Gemini  n, 
the  twins  ; 4.  Cancer  as,  the  crab  •,  5.  Leo  Si, 
the  lion  ; 6.  Virgo  % the  virgin ; 7.  Libra 
the  balance  ; 8.  Scorpio %,  the  fcorpion ; 9.  Sa- 
gittarius t , the  archer  ; 1 o.  Capricornus  Vf,  the 
goat;  11  .Aquarius  the  water-bearer;  and 
12.  Pifces  X,  the  fifties. 

It  is  to  be  obferved,  that  in  the  infancy  of  Remark, 
aftronomy,  thefe  twelve  conftellations  flood  at 
or  near  the  places  of  the  ecliptic,  where  the 
above  charaderiftics  are  marked  upon  the  globe : 
but  now,  each  conftellation  has  got  a whole  fign 
forwarder,  on  account  of  the  recefiion  of  the 
equinodial  points  from  their  former  places.  So 
that  the  conftellation  of  Aries  is  now  in  the 
former  place  of  Taurus-,  that  of  Taurus , in  the 
former  place  of  Gemini ; and  fo  on. 

The  ftars  appear  of  different  magnitudes  to 
the  eye;  probably  becaufe  they  are  at  different 
diftances  from  us.  Thofe  which  appear  brighteft: 
and  largeft,  are  called  ftars  of  the  fir  ft  magnitude ; 
the  next  to  them  in  fize  and  luftre,  arc  called 
ftars  of  the  Jecond  magnitude ; and  fq  on  to  the 
ftxth,  which  are  tfie  lmalleft  that  can  be  difeern- 
ed  by  the  bare  eye. 

Some  of  the  moft  remarkable  ftars  have  names 
given  them,  as  Caftor  and  Pollux  in  the  heads  of 
the  Twins , Sirius  in  the  mouth  of  the  Great 
Dog , Procyon  in  the  fide  of  the  Little  Dog , Rigel 

in 
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in  the  left  foot  of  Orion , AHfurus  near  the  right 
thigh  of  Bootes,  &c. 

Thefe  things  being  premifed,  vvhich  I think 
are  all  that  the  young  Tyro  need  be  acquainted 
with,  before  he  begins  to  work  any  problem  by 
this  globe,  we  fhall  now  proceed  to  the  molt 
ufeful  of  thofe  problems  j omitting  feveral  which 
are  of  little  or  no  confequence. 

*t  ' • ‘ • - • V • » , . 4 

PROBLEM  I. 

> ' • j ■ . t • ■ 

Tofnd  the  right  afeenfion*  and  declination  \ of 
the  fun , or  any  fixed  far . 

Bring  the  fun’s  place  in  the  ecliptic  to  the 
brafen  meridian,  then  that  degree  in  the  equi- 
noctial which  is  cut  by  the  meridian,  is  the  fun’s 
right  afeenfton  j and  that  degree  of  the  meridian 
which  is  over  the  fun’s  place,  is  his  declination. 
Bring  any  fixed  ftar  to  the  meridian,  and  its  right 
afeenfion  will  be  cut  by  the  jneridian  in  the  equi- 
noctial •,  and  the  degree  of  the  meridian  that 
Hands  over  it,  is  its  declination. 

So  that  right  afeenfion  and  declination , on  the 
celeftial  globe,  are  found  in  the  lame  manner  as 
longitude  and  latitude  on  the  terreftrial. 

• ; V ft..  ;■  . J « - V - . • y i 

* / t 

* The  degree  of  the  equinofiiafi  reckoned  from  the  be- 
ginning of  Aries,  that  comes  to  the  meridian  with  the  fan 
or  liar,  is  its  right  afeenfion . 

f The  diftance  of  the  fun  dr  ftar  in  degrees  from  the 
equinoctial,  toward  either  of  the  poles,  north  or  fouth,  is  its 
declination,  which  is  north  or  fouth  accordingly. 
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PROBLEM  II. 

To  find  the  latitude  and  longitude  of  any  far. 

If  the  given  ftar  be  on  the  north  fide  of  the 
ecliptic,  place  the  90th  degree  of  the  quadrant 
of  altitude  on  the  north  pole  of  the  ecliptic, 
where  the  twelve  femicircles  meet j which  di- 
vide the  ecliptic  into  the  12  figns : but  if  the 
ftar  be  on  the  fouth  fide  of  the  ecliptic,  place 
the  90th  degree  of  the  quadrant  on  the  fouth 
pole  of  the  ecliptic  : keeping  the  90th  degree  of 
the  quadrant  on  the  proper  pole,  turn  the  qua- 
drant about,  until  its  graduated  edge  cuts  the 
ftar  j then,  the  number  of  degrees  in  the  qua- 
drant, between  the  ecliptic  and  the  ftar,  is  its 
latitude ; and  the  degree  of  the  ecliptic  cut  by 
the  quadrant  is  the  ftar’s  longitude,  reckoned 
according  to  the  fign  in  which  the  quadrant 
then  is. 

PROBLEM  III. 

To  reprefent  the  face  of  the  Jlarry  firmament , as  feen 
from  any  given  place  of  the  earth , at  any  hour  of 
the  night. 

' * ' '•  . ' I > *•  * ’ » 

Re£lify  the  celefiial  globe  for  the  given  lati- 
tude, the  zenith,  and  fun’s  place,  in  every  re- 
fpedt,  as  taught  by  the  17th  problem,  for  the 
terreftrialj  and  turn  it  about,  until  the  index 
points  to  the  given  hour  : then,  the  upper  he- 
mifphere  of  the  globe  will  reprefent  the  vifible 
half  of  the  heaven  for  that  time  : all  the  ftars 

upon 
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upon  the  globe  being  then  in  fuch  filiations,  as 
exadlly  correfpond  to  thofe  in  the  heaven.  And 
if  the  globe  be  placed  duly  north  and  fouth  by 
means  of  a fmall  fea-compafs,  every  ftar  on  the 
globe  will  point  toward  the  like  ftar  in  the  hea- 
ven : by  which  means  the  conftellacions  and 
remarkable  ftars  nsay  be  eafily  known.  All 
thofe  ftars  which  are  in  the  eaftern  fide  of  the 
horizon,  are  then  rifing  in  the  eaftern  fide  of 
the  heaven  : all  in  the  weftern,  are  fetting  in 
the  weftern  fide  ; and  all  thofe  under  the  upper 
part  of  the  brafen  meridian,  between  the  fouth 
point  of  the  horizon  and  the  north  pole,  are  at 
their  greattft  altitude,  if  the  latitude  of  the 
place  be  north  : but  if  the  latitude  be  fouth, 
thofe  ftars  which  lie  under  the  upper  part  of  the 
meridian,  between  the  north  point  of  the  hori- 
zon and  the  fouth  pole,  are  at  their  greaceft 
altitude. 


PROBLEM  IV. 

The  latitude  of  the  place , and  day  of  the  month, 
being  given  ; to  find  the  time  when  any  known 
Jlar  will  rife , or  be  on  the  meridian , or  fet. 

Plaving  rectified  the  globe,  turn  it  about  un- 
til the  given  ftar  comes  to  the  eaftern  fide  of  the 
horizon,  and  the  index  will  (hew  the  time  of 
the  ftar’s  rifing  ; then  turn  the  globe  weftward, 
and  when  the  ftar  comes  to  the  brafen  meridian, 
the  index  w ill  fhew  the  time  of  the  ftar’s  coming 
to  the  meridian  of  your  place;  laftly,  turn  on, 
until  the  ftar  comes  to  the  weftern  fid?  of  the 
horizon,  and  the  index  will  fhew  the  time  of 
the  ftar’s  fetting. 
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iV.  B.  In  northern  latitudes,  thofe  ftars  which 
are  lefs  diftant  from  the  north  pole,  than  the 
quantity  of  its  elevation  above  the  north  poinc 
of  the  horizon,  never  let  5 and  thole  which  are 
lefs  diftant  from  the  fouth  pole,  than  the  num- 
ber of  degrees  by  which  it  is  deprefled  below  the 
horizon,  never  rile  5 and  vice  verjd  in  fouthern 
latitudes. 


PROBLEM  V. 

To  find  at  what  time  of  the  year  a given  flar  will 
be  upon  the  meridiany  at  a given  hour  of  the 
night. 

Bring  the  given  ftar  to  the  upper  femicirclc 
of  the  brafs  meridian,  and  let  the  index  to 
the  given  hour ; then  turn  the  globe  until  the 
index  points  to  XII  at  noon,  and  the  upper  fe- 
micircle  of  the  meridian  will  then  cut  the  fun’s 
place,  anfwering  to  the  day  of  the  year  fought  j 
which  day  may  be  eafily  found  againft  the  like 
place  of  the  fun  among  the  figns  on  the  wooden 
horizon. 

P R O B L E M YI. 

The  latitude , day  of  the  month , and  azimuth  * of 
any  known  ftar  being  given  ; to  find  the  hour  of 
the  night. 

Having  reftified  the  globe  for  the  latitude, 
Zenith,  and  fun’s  place  ; lay  the  quadrant  of 

• The  number  of  degrees  that  the  fun,  moon,  pr  anjf 
flar,  is  from  the  meridian,  either  to  the  eaft  or  Weft,  is 
called  its  azimuth. 


altitude 


The  Ufe.  of  the  Cclefiial  Globe . 

altitude  to  the  given  degree  of  azimuth  in  the  ho- 
rizon : then  turn  the  globe  on  its  axis,  until  the 
ftar  comes  to  the  graduated  edge  of  the  qua- 
drant ; and  when  it  does,  the  index  will  point 
out  the  hour  of  the  night. 


PROBLEM  VII. 

The  latitude  of  the  place,  the  day  of  the  month , and 
altitude  * of  any  known  ftar , being  given ; to 
ftnd  the  hour  of  the  night. 

Rectify  the  globe  as  in  the  former  problem, 
guefs  at  the  hour  of  the  night,  and  turn  the 
globe  until  the  index  points  at  the  fuppofed 
hour ; then  lay  the  graduated  edge  of  the  qua- 
drant of  altitude  over  the  known  ftar,  and  if  the  ? 
degree  of  the  ftar  s height  in  the  quadrant  upon 
the  globe,  anfwers  cxa&ly  to  the  degree  of  the 
liar’s  obferved  altitude  in  the  heaven,  you  have 
guefted  exactly  t^but  if  the  ftar  on  the  globe  is 
higher  or  lower  than  it  was  obferved  to  be  in  the 
heaven,  turn  the  globe  backward  or  forward, 
keeping  the  edge  of  the  quadrant  upon  the  ftar, 
until  its  center  comes  to  the  obferved  altitude  in 
the  quadrant;  and  then,  the  index  will  (hew  the 
true  time  of  the  night. 

* The  number  of  degrees  that  the  ftar  is  above  the  hori- 
zon, as  obferved  by  means  of  a common  quadrant,  is  called 

its  altitude. 
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P R O B L E M VIII. 

An  eafy  method  for  finding  the  hour  of  the  night  by 
any  two  known  fiars,  without  knowing  either 
their  altitude  or  azimuth  ; and  then , of  finding 
both  their  altitude  and  azimuth , and  thereby  the 
true  meridian. 

Tie  one  end  of  a thread  to  a common  mulket 
bullet ; and  having  rectified  the  globe  as  above, 
hold  the  other  end  of  the  thread  in  your  hand, 
and  carry  it  (lowly  round  between  your  eye  and 
the  (tarry  heaven,  until  you  find  it  cuts  any  two 
known  fiars  at  once.  Then,  guefiing  at  the 
hour  of  the  night,  turn  the  globe  until  the  index 
points  to  the  time  in  the  houn-circle;  which 
done,  lay  the  graduated  edge  of  the  quadrant 
over  any  one  of  thefe  two  (tars  on  the  globe, 
which  the  thread  cut  in  the  heaven.  If  the  faid 
edge  of  the  quadrant  cuts  the  other  (tar  alfo,  you 
have  guefled  the  time  exadtly  ; but  if  it  does 
not,  turn  the  globe  (lowly  backward  or  for- 
ward, until  the  quadrant  (kept  upon  either  (tar) 
cuts  them  both  through  their  centers:  and  then, 
the  index  will  point  out  the  exa$  time  of  the 
night;  the  degree  of  the  horizon,  cut  by  the 
quadrant,  will  be  the  true  azimuth  of  both  chele 
(tars  from  the  fouth  ; and  the  (tars  themfelves 
will  cut  their  true  altitudes  in  the  quadrant.  At 
which  moment,  if  a common  azimuth  compais 
be  fo  let  upon  a floor  or  level  pavement,  that 
thefe  (tars  in  the  heaven  may  have  the  fame 
bearing  upon  it  (allowing  for  the  variation  of 
the  needle)  as  the  quadrant  of  altitude  has  in  the 
wooden  horizon  of  the  globe,  a thread  extended 
over  the  noith  and  fouth  points  of  that  compafs 
* ' ' will 
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, wiH  be  diredly  in  the  pi  me  of  the  meridian  : 
and  if  a line  be  drawn  upon  the  floor  or  pave- 
ment, along  the  courfe  of  the  thread,  and  an 
upright  wire  be  placed  in  the  fouthermoft  end 
of  the  line,  the  fhadow  of  the  wire  will  fall  upon 
that  line,  when  the  fun  is  on  the  meridian,  and 
fhines  upon  the  pavement. 

' r / *'  ' 

PROBLEM  IX. 

To  find  the  ■place  of  the  moon>  or  of  any  planet 
and  thereby  to  Jhew  the  time  of  its  rifing>fouth- 
ing,  and fetting. 

Seek  in  the  Nautical  Almanac,  or  White's 
Ephemeris,  the  geocentric  place  * of  the  moon 
or  planet  in  the  ecliptic  for  the  given  day  of  the 
month,  and,  according  as  its  longitude  and  lati- 
tude is  found,  mark  the  fame  with  a chalk 
upon  the  globe.  Then,  having  re&ified  the 
globe,  turn  it  round  its  axis  weltward ; and  as 
the  faid  matlc  comes  to  the  ealtern  fide  of  the 
horizon,  to  the  brafen  meridian,  and  to  the 
weftern  fide  of  the  horizon,  the  index  will  (hew 
at  what  time  the  planet  rifts,  comes  to  the  me- 
ridian, and  lets,  in  ihe  fame  manner  as  it  would 
do  for  a fixed  ftar. 

-* 

PROBLEM  X. 

0 • 

To  explain  the  phenomena  of  the  h'arvejl  moon. 

In  order  to  do  this,  we  mud  premife  the  fol- 
lowing things j i.  That  as  the  fun  goes  only 

* The  place  of  the  moon  or  planet,  as  feen  from  the 
earth,  is  called  its  geocentric  place. 
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once  a year  round  the  ecliptic,  he  can  be  but 
once  a year  in  any  particular  point  of  it ; and 
that  his  motion  is  almoft  a degree  every  24 
hours 3 at  a mean  rate.  2.  That  as  the  moon 
goes  round  the  ecliptic  once  in  27  days  and  8 
hours,  Ihe  advances  134  degrees  in  it,  every 
day  at  a mean  rate.  3.  That  as  the  fun  goes 
through  part  of  the  ecliptic  in  the  time  the  moon 
goes  round  it,  the  moon  cannot  at  any  time  be 
either  in  conju'ndtion  with  the  fun,  or  oppofite 
to  him,  in  that  part  of  the  ecliptic  where  fhe  was 
fo  the  lafb  time  before  ; but  muft  travel  as 
much  forwarder,  as  the  fun  has  advanced  in  the 
faid  time:  which  being  254.  days,  makes  almoft 
a whole  fign.  Therefore,  4.  The  moon  can  be 
but  once  a year  oppofite  to  the  fun,  in  any 
particular  part  of  the  ecliptic.  5.  That  the 
moon  is  never  full  but  when  fhe  is  oppofite  to 
the  fun,  becaufe  at  no  other  time  can  we  fee  all 
that  half  of  her  which  the  fun  enlightens.  6.  That 
when  any  point  of  the  ecliptic  rifes,  the  oppofite 
point  fets.  Therefore,  when  the  moon  is  oppo- 
fite to  the  fun,  fhe  muft  rife  at  * funfet.  7.  That 
the  different  figns  of  the  ecliptic  rife  at  very  dif- 
ferent angles  or  degrees  of  obliquity  with  the 
horizon,  efpecially  in  confiderable  latitudes;  and 
that  the  Imaller  this  angle  is,  the  greater  is  the 
portion  of  the  ecliptic  that  rifes  in  any  fmall  pare 
of  time  ; and  vice  ver/d.  8.  That,  in  northern 
latitudes,  no  part  of  the  ecliptic  rifes  at  fo  fmall 
an  angle  with  the  horizon,  as  Pifces  and  Aries  do  3 
therefore,  a greater  portion  of  the  ecliptic  rifes  in 


* This  is  not  a ways  ftridtly  true,  becaufe  the  moon  does 
not  keep  m the  ecliptic,  but  croffes  it  twice  every  month! 

^XnYtin  thefdlfterCn^e  "eed  be  regarded  in  a general 
explanation  of  the  caufeof  theharveft  moon.  6 
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one  hour,  about  thefe  figns,  than  about  any  of 
the  reft.  p.  That  the  moon  can  never  be  full 
in  Pifces  and  Artis  but  in  our  autumnal  months, 
for  at  no  other  time  of  the  year  is  the  fun  in  the 
oppofite  figns  Virgo  and  Libra. 

Thefe  things  premifed,  take  134  degrees  of 
the  ecliptic  in  your  compafles,  and  beginning  at 
Pifces , carry  that  extent  all  round  the  ecliptic, 
marking  the  places  with  a chalk,  where  the  points 
of  the  compares  fuccefiively  fall.  So  you  will 
have  the  moon’s  daily  motion  marked  out  for 
one  complete  revolution  in  the  ecliptic  j accord- 
ing to  § 2 of  the  laft  paragraph. 

Rectify  the  globe  for  any  confiderable  northern 
latitude  (as  fuppofe  that  of  London),  and  then, 
turning  the  globe  round  its  axis,  obferve  how 
much  of  the  hour-circle  the  index  has  gone  over, 
at  the  rifing  of  each  particular  mark  on  the 
ecliptic  and  you  will  find  that  feven  of  the 
marks  (which  take  in  as  much  of  the  ecliptic  as 
the  moon  goes  through  in  a week)  will  all  rife 
fuccefiively  about  Pifces  and  Aries  in  the  time 
that  the  index  goes  over  two  hours.  Therefore, 
while  the  moon  is  in  Pifces  and  Aries , fhe  will  not 
differ  in  general  above  two  hours  in  her  rifing 
for  a whole  week.  But  if  you  take  notice  of 
the  marks  on  the  oppofite  figns,  Virgo  and  Libra , 
you  will  find  that  feven  of  them  take  nine  hours 
to  rife ; which  (hews,  that  when  the  moon  is  in 
thefe  two  figns,  fhe  differs  nine  hours  in  her 
rifing  within  the  compafs  of  a week.  And  fo 
much  later  as  every  mark  is  of  rifing  than  the 
one  that  rofe  next  before  it,  fo  much  later  will 
the  moon  be  of  rifing  on  any  day  than  (he  was  on 
the  day  before,  in  the  correfponding  part  of  the 
heaven.  The  marks  abouc  Cancer  and  Capricorn 
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rife  a mean  difference  of  time  between  thtife 
about  Aries  and  Libra. 

Now,  although  the  moon  is  in  Pifces  and  Aries 
every  month,  and  therefore  muff  rife  in  thofe 
figns  within  the  (pace  of  two  hours  later  for  a 
whole  week,  or  only  about  17  minutes  later 
every  day  than  fine  did  on  thjp  former ; yet  /he 
is  never  full  in  thefe  figns,  but  in  our  autumnal 
months,  Augujl  and  September , when  the  fun  is  in 
Virgo  and  Libra . Therefore,  no  full  moon  in 
the  year  will  continue  to  rife  fo  near  the  time  of 
funfet  for  a week  or  fo,  as  thefe  two  full  moons 
do,  which  fall  in  the  time  of  harveff. 

In  the  winter  months,  the  moon  is  in  Pifces 
and  Aries  about  her  firft  quarter  j and  as  thefe 
figns  rife  about  noon  in  winter,  the  moon’s  rifino- 
in  them  pafles  unobferved.  In  the  fpring  months^ 
the  moon  changes  in  thefe  figns,  an'd  confe- 
quently  rifes  at  the  fame  time  with  the  fun  j fo 
that  it  is  impoffible  to  fee  her  at  that  time.  In 
the  fummer  months  fhe  is  in  thefe  figns  about 
her  third  quarter,  and  rifes  not  until  mid-nmht, 
when  her  rifing  is  but  very  little  taken  notice 
of ; efpecially  as  (he  is  on  the  decreafe.  But  in 
the  harveff  months  file  is  at  the  full,  when  in 
thefe  figns,  and  being  oppofite  to  the  fun,  fhe 
rifes  when  the  fun  fets  (or  foon  after)  and  Ihines 
all  the  night. 

In  fouthern  latitudes,  Virgo  and  Libra  rife  at  as 
fmall  angles  with  the  horizon,  as  Pifces  and  Aries 
do  in  the  northern ; and  as  our  fpring  is  at  the 
time  of  their  harveff,  ids  plain  their  harveff  full 
moons  muff  be  in  Virgo  and  Libra  j and  will 
therefore  rife  with  as  little  difference  of  time  as 
ours  do  in  Pifces  and  Aries,  ' 
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For  a fuller  account  of  this  matter,  I muft 
refer  the  reader  to  my  Aftronomy,  in  which  it 
is  defcribed  at  large. 


PROBLEM  XI. 

To  explain  the  equation  of  time,  or  difference  of  time 
between  well-regulated  clocks  and  true fun-dials. 

The  earth’s  motion  on  its  axis  being  perfectly 
equable,  and  thereby  caufing  an  apparent  equable 
motion  of  the  ftarry  heaven  round  the  fame  axis, 
produced  to  the  poles  of  the  heaven  ; it  is  plain 
that  equal  portions  of  the  celeflial  equator  pafs 
over  the  meridian,  in  equal  parts  of  time,  be- 
caufe  the  axis  of  the  world  is  perpendicular  to 
the  plane  of  the  equator.  And  therefore,  if  the 
fun  kept  his  annual  courfe  in  the  celeflial  equa- 
tor, he  would  always  revolve  from  the  meridian 
to  the  meridian  again  in  24  hours  exadtly,  as 
fhewn  by  a well-regulated  clock. 

But  as  the  fun  moves  in  the  ecliptic,  which  is 
oblique  both  to  the  plane  of  the  equator  and  axis 
of  the  world,  he  cannot  always  revolve  from  the 
meridian  to  the  meridian  again  in  24equal  hours; 
but  fometimes  a little  fooner,  and  at  other  times 
a little  later,  becaufe  equal  portions  of  the  eclip- 
tic pafs  over  the  meridian  in  unequal  parts  of 
time,  qn  account  of  its  obliquity.  And  this  dif- 
ference is  the  fame  in  all  latitudes. 

To  fhew  this  by  a globe,  make  chalk- marks 
all  round  the  equator  and  ecliptic,  at  equal  dif- 
tances  from  one  another  (fuppofe  10  degrees) 
beginning  at  Aries  or  at  Libra , where  thele  two. 
circles  interfeft  each  other.  Then  tilrn  the 
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globe  round  its  axis,  and  you  will  fee  that  all  the 
marks  in  the  firft  quadrant  of  the  ecliptic,  or 
from  the  beginning  of  Aries  to  the  beginning  of 
Cancer,  come  fooner  to  the  brafen  meridian  than 
their  correfponding  marks  do  on  the  equator; 
thofe  on  the  fecond  quadrant,  or  from  the  be- 
ginning of  Cancer  to  the  beginning  of  Libra , ' 

come  later:  thofe  in  the  third  quadrant,  from 
Libra  to  Capricorn  fooner  ; and  thofe  in  the 
fourth,  from  Capricorn  to  Aries , later.  But  thofe 
at  the  beginning  of  each  quadrant  come  to  the 
meridian  at  the  fame  time  with  their  correfpond- 
ing marks  on  the  equator. 

Therefore,  while  the  fun  is  in  the  firft  and 
third  quadrants  of  the  ecliptic,  he  comes  fooner 
to  the  meridian  every  day  than  he  would  do  if 
he  kept  in  the  equator;  and  confequently  he  is 
fafter  than  a well  regulated  clock,  which  always 
keeps  equable  or  equatorial  time  : and  while  he 
is  in  the  fecond  and  fourth  quadrants,  he  comes 
later  to  the  meridian  every  day  than  he  would 
do  if  he  kept  in  the  equator;  and  is  therefore 
flower  than  the  clock.  But  at  the  beginning  of 
each  quadrant,  the  fun  and  clock  are  equal. 

And  thus,  if  the  fun  moved  equably  in  the 
ecliptic,  he  would  be  equal  with  the  clock  on 
four  days  of  the  year,  which  would  have  equal 
intervals  of  time  between  them.  But  as  he 
moves  fafter  at  fome  times  than  at  others  (being 
eight  days  longer  in  the  northern  half  of  the 
ecliptic  than  in  the  fouthern)  this  will  caufe  a 
fecond  inequality ; which,  combined  with  the 
former,  arifing  from  the  obliquity  of  the  ecliptic 
to  the  equator,  makes  up  that  difference,  which 
is  fhewn  by  the  common  equation  tables  to  be 
between  good  clocks  and  true  fun-dials. 
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Plate  XX.  Whoever  has  Teen  a common  armillary  fphere , 

Fig.  j.  and  underftands  how  to  life  it,  mud  be  fenfible 
that  the  machine  here  referred  to  is  of  a very 
different,  and  much  more  advantageous  con- 
ftrudtion.  And  thofe  who  have  feen  the  curious 
glafs  fphere  invented  by  Dr.  Long,  or  the  figure 
of  it  in  his  Aftronomy,  muff;  know  that  the  fur- 
niture of  the  terreftrial  globe  in  this  machine, 
the  form  of  the  pedeftal,  and  the  manner  of 
turning  either  the  earthly  globe,  or  the  circles 
which  furround  it,  are  all  copied  from  the 
Dodtor’s  glafs  fphere  ; and  that  the  only  diffe- 
rence is,  a parcel  of  rings  inftead  of  a glafs  ce- 
leftial  globe  ; and  all  the  additions  are  a moon 
within  the  fphere,  and  a femicircle  upon  the  pe- 
deftal. 

The  ar.  The  exterior  parts  of  this  machine  are  a com- 
pages  of  brafs  rings,  which  reprefent  the  princi- 
L>e'  pal  circles  of  the  heaven,  viz.  i.  The  equinodfial 
AAy  which  is  divided  into  360  degrees  (begin- 
ning at  its  interfedtion  with  the  ecliptic  in  Aries ) 
for  (hewing  the  fun’s  right  afcenfion  in  degrees ; 
and  alfo  into  24  hours,  for  (hewing  his  righc 
afcenfion  in  time.  2.  The  ecliptic  BB , which  is 
divided  into  I2  figns,  and  each  fign  into  30  de- 
grees, and  alfo  into  the  months  and  days  of  the 
year ; in  fuch  a manner,  that  the  degree  or  point 
of  the  ecliptic  in  which  the  fun  is,  on  any  given 
day,  (lands  over  that  day  in  the  circle  of  months. 
3.  The  tropic  of  Cancer  CC , touching  the  eclip- 
tic at  the  beginning  of  Cancer  in  <?,  and  the 
tropic  of  Capricorn  DDy  touching  the  ecliptic  at 
the  beginning  at  Capricorn  in  f-,  each  23 £ degrees 
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from  the  equinoctial  circle.  4.  The  ar£lic  ciicle 
E , and  the  antarctic  circle  F,  each  23-f  degrees 
from  its  refpetftive  pole  at  TV  and  S.  5.  1 he 
equinodtial  colour  GG , pafting  through  the 
north  and  fouth  poles  of  the  heaven  at  N and  S, 
and  through  the  equino&ial  points  Aries , and 
Libra  in  the  ecliptic.  6.  The  folftitial  colure 
HHy  pafting  through  the  poles  of  the  heaven,  and 
through  the  folftitial  points  Cancer  and  Capricorn , 
in  the  ecliptic.  Each  quarter  of  the  former  of 
thefe  colures  is  divided  into  90  degrees,  from  the 
equino&ial  to  the  poles  of  the  world,  for  fhew- 
ing  the  declination  of  the  fun,  moon,  and  ftars ; 
and  each  quarter  of  the  latter,  from  the  ecliptic 
at  e and/i  to  its  poles  b and  d , for  (hewing  the 
latitude  of  the  ftars. 

In  the  north  pole  of  the  ecliptic  is  a nut  by  to 
which  is  fixed  one  end  of  a quadrantal  wire,  and 
to  the  other  end  a fmall  fun  T,  which  is  carried 
round  the  ecliptic  BB}  by  turning  the  nut : and 
in  the  fouth-pole  of  the  ecliptic  is  a pin  at  d , on 
which  is  another  quadrantal  wire,  with  a fmall 
moon  Z upon  it,  which  may  be  moved  round  by 
hand:  but  there  is  a particular  contrivance  for 
caufing  the  moon  to  move  in  an  orbit  which 
erodes  the  ecliptic  at  an  angle  of  54  degrees,  in 
two  oppofite  points  called  the  moon  s nodes  • and 
alfo  for  fhifring  thefe  points  backward  in  the 
ecliptic,  as  the  moon's  nodes  fhift  in  the  heaven. 

Within  thefe  circular  rings  is  a fmall  terref- 
trial  globe  /,  fixt  on  an  axis  KK , which  extends 
from  the  north  and  fouth  poles  of  the  globe  at  n 
and  a-,  to  thofe  of  the  celeftial  fphere  at  Wand  S. 
On  this  axis  is  fixt  the  flat  celeftial  meridian  LL, 
which  may  be  fet  dirc&ly  over  the  meridian  of 
any  place  on  the  globe,  and  then  turned  round 
with  the  globe,  lo  as  to  keep  over  the  lame 
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meridian  upon  it.  This  flat  meridian  is  gra- 
duated the  fame  way  as  the  brafs  meridian  of 
a common  globe,  and  its  ufe  is  much  the  fame. 
To  this  globe  is  fitted  the  moveable  horizon 
MM-,  fo  as  to  turn  upon  two  ftrong  wires  pro- 
ceeding from  its  eaft  and  weft  points  to  the 
globe,  and  entering  the  globe  at  oppofite  points 
of  its  equator,  which  is  a moveable  brafs  ring  let 
into  the  globe  in  a groove  all  around  its  equator. 
The  globe  may  be  turned  by  hand  within  this 
ring,  fo  as  to  place  any  given  meridian  upon  it, 
dire&ly  under  the  celeftial  meridian  LL,  The 
horizon  is  divided  into  360  degrees  all  around 
its  outermoft  edge,  within  which  are  the  points 
of  the  compafs,  for  fhewing  the  amplitude  of 
the  fun  and  moon,  both  in  degrees  and  points. 
The  celeftial  meridian  LL  pafles  through  two 
notches  in  the  north  and  fouth  points  of  the 
horizon,  as  in  a common  globe  : but  here,  if 
the  globe  be  turned  round,  the  horizon  and 
meridian  turn  with  it.  At  the  fouth  pole  of  the 
fphere  is  a circle  of  24  hours,  fixt  to  the  rings, 
and  on  the  axis  is  an  index  which  goes  round 
that  circle,  if  the  globe  be  turned  round  its 
axis.  f 

The  whole  fabric  is  fupported  on  a pedeftal 
N , and  may  be  elevated  or  deprefled  upon  the 
joint  O,  to  any  number  of  degrees  from  o to  90, 
by  means  of  the  arc  Py  which  is  fixed  in  the 
ftrong  brafs  arm  and  Aides  in  the  upright 
piece  R , in  which  is  a fcrew  at  r,  to  fix  it  at  any 
proper  elevation. 

In  the  box  T,  are  two  wheels  (as  in  Dr.  Long's 
fphere)  and  two  pinions,  whole  axes  come  out 
at  ^and  U j either  of  which  may  be  turned  by 
the  fmall  winch  IV,  When  the  winch  is  put 
upon  the  axis  V}  and  turned  backward,  the  ter- 

reftrial 
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reft  rial  globe,  with  its  horizon  and  celeftial  me- 
ridian, keep  at  reft  ; and  the  whole  fphere  of 
circles  turns  round  from  eaft,  by  fouth,  to  weft, 
carrying  the  fun  T,  and  moon  Z3  round  the  fame 
way,  and  caufing  them  to  rife  above,  and  fet  be- 
low the  horizon.  But  when  the  winch  is  put 
upon  the  axis  U3  and  turned  forward,  the  fphere 
with  the  fun  and  moon  keep  at  reft;  and  the 
earth,  with  its  horizon  and  meridian,  turn  round 
from  weft,  by  fouth,  to  eaft : and  bring  the  fame 
points  of  the  horizon  to  the  fun  and  moon,  to 
which  thefe  bodies  came  when  the  earth  kept  at 
reft,  and  they  were  carried  round  it;  fhewing 
that  they  rife  and  fet  in  the  fame  points  of  the 
horizon,  and  at  the  fame  time  in  the  hour-circle, 
whether  the  motion  be  in  the  earth  or  in  the 
heaven.  If  the  earthly  globe  be  turned,  the 
hour-index  goes  round  its  hour-circle  ; but  if 
the  fphere  be  turned,  the  hour-circle  goes  round 
below  the  index. 

And  fo,  by  this  conftrudion,  the  machine  is 
equally  fitted  to  fhew  either  the  real  motion  of 
the  earth,  or  the  apparent  motion  of  the  hea- 
ven. 

To  refUfy  the  fphere  for  ufe,  firft  flacken  the 
fcrew  r in  the  upright  ftem  R , and  taking  hold 
of  the  arm  i^,  move  it  up  or  down  until  the 
given  degree  of  latitude  for  any  place  be  at  the  \ 
fide  of  the  ftem  R ; and  then  the  axis  of  the 
fphere  will  be  properly  elevated,  fo  as  to  ftand 
parallel  to  the  axis  of  the  world,  if  the  machine 
be  fet  north  and  fouth  by  a fmall  compafs : this 
done,  count  the  latitude  from  the  north  pole, 
upon  the  celeftial  meridian  LL,  down  toward 
the  north  notch  of  the  horizon,  and  fet  the  hori- 
zon to  that  latitude  ; then,  turn  the  nut  b until 
the  fun  T comes  to  the  given  day  of  the  year  in 
1 the 
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the  ecliptic,  ,and  the  fun  will  be  at  its  proper 
place  for  that  day;  find  the  place  of  the  moon’s 
afcending  node,  and  alfo  the  place  of  the  moon, 
by  an  Ephemeris,  and  fet  them  right  accord- 
ingly ; laftly,  turn  the  winch  Wy  until  either  the 
fun  comes  to  the  meridian  LL , or  until  the  me- 
ridian comes  to  the  lun,  (according  as  you  want 
the  fphere  or  earth  to  move,)  and  let  the  hour- 
index  to  the  XII,  marked  noon,  and  the  whole 
machine  will  be  rectified. — Then  turn  the  winch, 
and  obferve  when  the  fun  or  moon  rife  or  fet  in 
the  horizon,  and  the  hour-index  will  Ihew  the 
times  thereof  for  the  given  day. 

As  thofe  who  nnderftand  the  ufe  of  the  globes 
will  be  at  no  lols  to  work  many  other  problems 
by  this  fphere,  it  is  necdlefs  to  enlarge  any  far- 
ther upon  it. 

LECT.  X. 

< 

cTbe  principles  and  art  of  dialing: 

r ■-  - % . ! ■».  f t t 

A Dial  is  a plane,  upon  which  lines  are  de- 
fcribed  in  fuch  a manner,  that  the  fhadow 
of  a wire,  or  of  the  upper  edge  of  a plate  fiile, 
crttted  perpendicularly  on  the  plane  of  the  dial, 
may  fi  rw  the  true  time  of  the  day. 

The  edge  of  the  plate  by  which  the  time  of 
the  day  is  found,  is  called  the  ftile  of  the  dial, 
which  mi  ft  be  parallel  to  the  earth’s  axis;  and 
the  line  on  which  the  faicj  plate  is  ereefted,  is 
called  the  fubftile. 

The  angle  included  between  the  fubftile  and 
ftile,  is  called  the  elevation,  or  height  of  the 
ftile. 

Thofe  dials  whofe  planes  are  parallel  to  the 
plane  of  the  horizon,  are  called  horizontal  dials  ; 

and 
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and  thofe  dials  whofe  planes  are  perpendicular 
to  the  plane  of  the  horizon,  are  called  vertical, 
or  ere£l  fun-dials. 

Thofe  eredl  dials,  whofe  planes  dire&iy  front 
the  north  or  fouth,  are  called  direct  north  or 
fouth  dials ; and  all  other  eredl  dials  are  called 
decliners,  becaufe  their  planes  are  turned  away 
from  the  north  or  fouth. 

Thofe  dials,  whofe  planes  are  neither  parallel 
nor  perpendicular  to  the  plane  of  their  horizon, 
are  called  inclining,  or  reclining  dials,  accord- 
ing as  their  planes  make  acute  or  obtufe  angles 
with  the  horizon  and  if  their  planes  are  alfo 
turned  afide  from  facing  the  fouth  or  north, 
they  are  called  declining-inclining,  or  declining- 
reclining  dials. 

The  interfeclion  of  the  plane  of  the  dial,  with 
that  of  the  meridian,  palling  through  the  (tile, 
is  called  the  meridian  of  the  dial,  or  the  hour- 
line of  XII. 

Thofe  meridians,  whofe  planes  pafs  through 
the  flile,  and  make  angles  of  15,  30,  45,  60,  75, 
and  90  degrees  with  the  meridian  of  the  place 
(which  marks  the  hour-line  of  XII)  are  called 
hour-circles  ■,  and  their  interfettions  with  the 
plane  of  the  dial,  are  called  hour-lines. 

In  all  declining  dials,  the  fubftile  makes  an 
angle  with  the  hour-line  of  XII  ; and  this  angle 
is  called  the  diftance  of  the  lubftile  from  the 
meridian. 

The  declining  plane’s  difference  of  longitude, 
is^  the  angle  formed  at  the  interleftion  of  the 
ftile  and  plane  of  the  dial,  by  two  meridians ; 
one  of  which  pafles  through  the  hour-line  of  XII, 
' and  the  other  through  the  fubftile. 

This 
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This  much  being  premifed  concerning  dials  in  ge- 
ner al , we  /hall  now  proceed  to  explain  the  different 
methods  of  their  conjlr  lift  ion. 

Plate  XX.  If  the  whole  earth  aP  cp  were  tranfparent, 
2'  and  hollow,  like  a fphere  of  glafs,  and  had  its 
equator  divided  into  24  equal  parts  by  fo  many 
The  uni-  meridian  femicircles,  a , b,  c,  d,  e,  /,  g,  &c.  one 
v"fa!  of  which  is  the  geographical  meridian  of  any 
on  winch  §‘ven  place  as  London,  which  is  fuppofed  to 
dialing  be  at  the  point  a-,  and  if  the  hours  of  XII 
depends,  were  marked  at  the  equator,  both  upon  that 
meridian  and  the  oppofite  one,  and  all  the  reft 
of  the  hours  in  order  on  the  reft  of  the  meri- 
dians, thofe  meridians  would  be  the  hour-circles 
of  London : then,  if  the  fphere  had  an  opaque 
axis,  as  P E p,  terminating  in  the  poles  P and 
pi  the  fhadow  of  the  axis  would  fall  upon  every 
particular  meridian  and  hour,  when  the  fun 
came  to' the  plane  of  the  oppofite  meridian,  and 
would  confcquently  fhew  the  time  at  London, 
and  at  all  other  places  on  the  meridian  of 
London. 

Horizon-  If  this  fphere  was  cut  through  the  middle  by 
(al  dial.  a p]ane  s4BCD,  in  the  rational  horizon  of 
London,  one  half  of  the  axis  EP  would  be 
above  the  plane,  and  the  other  half  below  it  j 
and  if  ftraight  lines  were  drawn  from  the  center 
of  the  plane,  to  thofe  points  where  its  circum- 
ference is  cut  by  the  hour-circles  of  the  fphere, 
thofe  lines  would  be  the  hour-lines  of  a hori- 
zontal dial  for  London  : for  the  fhadow  of  the 
axis  would  fall  upon  each  particular  hour-line 
of  the  dial,  when  ic  fell  upon  the  like  hour-circle 
of  the  fphere. 

If  the  plane  which  cuts  the  fphere  be  upright, 
as  AECGi  touching  the  given  place  (London) 
at  ffand  diredly  facing  the  meridian  of  Lon- 
don, 


Of  Dialing . 3 1 9 

don,  it  will  then  become  the  plane  of  an  ere£b 
diretft  fouth  dial  ; and  if  right  lines  be  drawn  Vertical 
from  its  center  £,  to  thofe  points  of  its  circum-  dial. 
ference  where  the  hour-circles  of  the  fphere  cut 
it,  thefe  will  be  the  hour-lines  of  a vertical  or 
dired  fouth  dial  for  London,  to  which  the  hours 
are  to  be  fet  as  in  the  figu're  (contrary  to  thofe 
on  a horizontal  dial)  and  the  lower  half  E p of 
fhe  axis  will  caft  a fhadow  on  the  hour  of  the  day 
in  this  dial,  at  the  fame  time  that  it  would  fall 
upon  the  like  hour-circle  of  the  fphere,  if  the 
dial  plane  was  net  in  the  way. 

If  the  plane  (ft ill  facing  the  meridian)  be  inclining 
made  to  incline,  or  recline,  by  any  given  number  and  re. 
of  degrees,  the  hour-circles  of  the  fphere  will 
ftill  cut  the  edge  of  the  plane  in  thofe  points  to 
which  the  hour-lines  muft  be  drawn  ftraight 
from  the  center  ; and  the  axis  of  the  fphere  will 
caft  a fhadow  on  thefe  lines  at  the  refpedtive 
hours.  The  like  will  ftill  hold,  if  the  plane  be  Declining 
made  to  decline  by  any  given  number  of  degrees  dials. 
from  the  meridian,  toward  the  eaft  or  weft : 
provided  the  declination  be  left  than  90  degrees, 
or  the  reclination  be  left  than  the  co-latitude  * 
of  the  place  : and  the  axis  of  the  fphere  will  be 
a gnomon,  or  itile,  for  the  dial.  But  it  cannot 
be  a gnomon,  when  the  declination  is  quite  90 
degrees,  nor  when  the  reclination  is  equal  to 
the  co-latitude;  beeaufe  in  thefe  two  cafes, 
the  axis  has  no  elevation  above  the  plane  of  the 
dial. 

And  thus  it  appears,  that  the  plane  of  every 
dial  reprelents  the  plane  of  fome  great  circle 
upon  the  earth ; and  the  gnomon  the  earth’s  axis, 
whether  it  be  a fmall  wire,  as  in  the  above  figures, 
or  the  edge  of  a thin  plate,  as  in  the  common 
horizontal  dials. 
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The  whole  earth,  as  to  its  bulk,  is  but  a point, 
if  compared  to  its  diftance  from  the  fun;  and 
therefore,  if  a fmall  fphere  of  glafs  be  placed 
upon  any  part  of  the  earth’s  furface,  fo  that  its 
axis  be  parallel  to  the  axis  of  the  earth,  and  the 
fphere  have  fuch  lines  upon  it,  and  fuch  planes 
within  it,  as  above  defcribed  ; it  will  fhew  the 
hours  of  the  day  as  truly  as  if  it  were  placed  at 
the  earth’s  center,  and  the  fhell  of  the  earth  were 
as  tranfparent  as  glafs. 

FlS-  2>  3*  But  becaufe  it  is  impoffible  to  have  a hollow 
fphere  of  glafs  peiftdtly.  true,  blown  round  a 
folid  plane  ; or  if  it  was',  we  could  not  get  at  the 
plane  within  the  glafs  to  fet  it  in  any  given  pofi- 
tion  ; we  make  ufe  of  a wire  fphere  to  explain 
the  principles  of  dialing,  by  joining  24  femicir- 
cles  together  at  the  poles,  and  putting  a thin 
flat  plate  of  brafs  within  it. 

Dialing  A common  globe,  of  12  inches  diameter,  has 
by  the  generally  24  meridian  femicircles  drawn  upon 
TeTrTjh'ial  if*.  ^ fuch  a globe  be  elevated  to  the  latitude 
globe.  of  any  given  place,  and  turned  about  until  any 
one  of  thefe  meridians  cuts  the  horizon  in  the 
north  point,  where  the  hour  of  XII  is  fuppofed 
to  be  marked,  the  reft  of  the  meridians  will  cut 
the  horizon  at  the  refpedtive  diftances  of  all  the 
other  hours  from  XII.  Then,  if  thefe  points  of 
difiance  be  marked  on  the  horizon,  and  the 
globe  be  taken  out  of  the  horizon,  and  a flat 
board  or  plate  be  put  into  its  place,  even  with 
the  furface  of  the  horizon ; and  if  ftraight  lines 
be  drawn  from  the  center  of  the  board,  to  thofe 
points  of  diftance  on  the  horizon  which  were 
' cut  by  the  24  meridian  iemicircles,  thefe  lines 
■will  be  the  hour-lines  of  a horizontal  dial  for 
that  latitude,  the  edge  of  whofe  gnomon  muft 
be  hi  the  very  fame  iituation  that  the  axis  of  the 

globe 
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globe  was,  before  it  was  taken  out  of  the  hori- 
zon : that  is,  the  gnomon  muft  make  an  angle 
with  the  plane  of  the  dial,  epual  to  the  latitude 
of  the  place  for  which  the  dial  is  made. 

If  the  pole  of  the  globe  be  elevated  to  the  co- 
latitude * of  the  given  place,  and  any  meridian 
be  brought  to  the  north  point  of  the  horizon, 
the  reft  of  the  meridians  will  cut  the  horizon  in 
the  refpeiftive  diftancesof  all  the  hours  from  XII, 
for  a direct  fouth  dial,  vvhofe  gnomon  muft  make 
an  angle  with  the  plane  of  the  dial,  equal  to  the 
co-latitude  of  the  place ; and  the  hours  muft  be 
let  the  contrary  way  on  this  dial,  to  what  they 
are  on  the  horizontal. 

But  if  your  globe  have  more  than  24  meridian 
femicircles  upon  it,  you  muft  take  the  following 
method  for  making  horizontal  and  fouth  dials 
by  it. 

Elevate  the  pole  to  the  latitude  of  your  place,  Tocon- 
and  turn  the  globe  until  any  particular  meridian  ft'uft  a 
(fuppofe  the  firft)  comes  to  the  north  point  of  b°r‘™ntat 
the  horizon,  and  the  oppofite  meridian  will  cut 
the  horizon  in  the  fouth.  Then,  let  the  hour- 
index  to  the  uppermoft  XII  on  its  circle  ■,  which 
done,  turn  the  globe  we  ft  ward  until  1 5 degrees 
of  the  equator  pafs  under  the  bralen  meridian, 
and  then  the  hour-index  will  be  ac  I,  (for  the  fun 
moves  15  degrees  every  hour,)  and  the  firft  me- 
ridian will  cue  the  horizon  in  the  number  of  de- 
grees from  the  north  point,  that  I is  diftant  from 
XII.  Turn  on  until  other  15  degrees  of  the 
equa-tor  pafs  under  the  bralen  meridian,  and  the 

hour-index  will  then  be  at  II,  and  the  firft  me- 

* 

• If  the  latitude  be  fubtrafled  from  90  degrees,  the  re- 
mainder is  called  tbe  co-latitude,  or  complement'  of  the. 
latitude. 
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ridian'will  cut  the  horizon  in  the  number  of 
degrees  that  II  is  diftant  from  XII  : and  fo,  by 
making  15  degrees  of  the  equator  pafs  under 
the  brafen  meridian  for  every  hour,  the  firft  me- 
ridian of  the  globe  wilt  cut  the  horizon  in  the 
diftances  of  all  the  hours  from  XII  to  VI,  which 
is  juft  90  degrees ; and  then  you  need  go  no 
farther,  for  the  diftances  of  XI,  X,  IX,  VIII, 
VII,  and  VI,  in  the  forenoon,  are  the  fame 
from  XII,  as  the  diftances  of  I,  II,  III,  IV,  V, 
and  VI,  in  the  afternoon  ; and  thefe  hour-lines 
continued  through  the  center,  will  give  the 
oppofite  hour-lines  on  the  other  half  of  the  dial : 
but  no  more  of  thefe  lines  need  be  drawn,  than 
what  anfwer  to  the  fun’s  continuance  above  the 
horizon  of  your  place  on  the  Jongeft  day,  which 
may  be  eafily  found  by  the  26th  problem  of  the 
foregoing  leclure. 

Thus,  to  make  a horizontal  dial  for  the  lati- 
tude of  London,  which  is  514-  degrees  north, 
elevate  the  north  pole  of  the  globe  514-  degrees 
above  the  north  point  of  the  horizon,  and  then 
turn  the  globe,  until  the  firft  meridian  (which 
is  that  of  London  on  the  Englifh  terreftrial  globe) 
cuts  the  north  point  of  the  horizon,  and  let  the 

hour-index  to  XII  at  noon. 

* 

Then,  turning  the  globe  weftward  until  the 
index  points  fucctfilveiy  to  I,  II,  III,  IV,  V, 
and  VI,  in  the  afternoon  ■,  or  until  15,  30,  45, 
60,  7 5,  and  90  degrees  of  the  equator  pals  under 
the  brafen  meridian,  you  will  find  that  the  firft 
meridian  of  the  globe  cuts  the  horizon  in  the 
following  number  of  degrees  from  the  north 
' toward  the  eaft,  viz.  11*,  24I,  38-^  53 L 7itt> 
and  90 ; whiJi  are  the  rdpedlivc  diftances  of 
the  above  hours  from  XII  upon  the  plane  of  the 
horizon. 
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To  transfer  thefe,  and  the  reft  of  the  hours,  piate 
to  a horizontal  plane,  draw  the  parallel  right  XXI. 
lines  a c arid  b d upon  that  plane,  as  far  from  FlS-  *• 
each  other  as  is  equal  to  the  intended  thicknefs 
of  the  gnomon  or  ftile  of  the  dial,  and  the  fpace 
included  between  them  will  be  the  meridian 
or  twelve  o’clock  line  on  the  dial.  Crofs  this 
meridian  at  right  angles  with  the  fix  o’clock  line 
g b,  and  fettiqg  one  foot  of  your  compaffes  in  the 
interfe&ion  a,  as  a center,  defcribe  the  quadrant 
g e with  any  convenient  radius  or  opening  of  the 
compaffes : then,  fetting  one  foot  in  the  inter- 
fe&ion  by  as  a center,  with  the  fame  radius  de- 
fcribe the  quadrant/ and  divide  each  qua- 
drant into  90  equal  parts  or  degrees,  as  in  the 
figure. 

Becaufe  the  hour-lines  are  lefs  diftant  from 
each  other  about  noon,  than  in  any  other  part  of 
the  dial,  it  is  beft  to  have  the  centers  of  thefe 
quadrants  at  a little  diftance  from  the  center  of 
the  dial-plane,  on  the  fide  oppofite  to  XII,  in 
order  to  enlarge  the  hour  diftances  thereabout 
under  the  fame  angles  on  the  plane.  Thus,  the 
center  of  the  plane  is  at  C,  but  the  centers  of  the 
quadrants  at  a and  b. 

Lay  a ruler  over  the  point  b (and  keeping  it 
there  for  the  center  of  all  the  afternoon  hours  in 
the  quadrant  f h)  draw  the  hour-line  of  I, 
through  1 14  degrees  in  the  quadrant;  the  hour- 
line of  II,  through  2 <\\  degrees;  of  III,  through 
3 8 rV degrees;  IIII,  through  534, and  V through 
71-rV  '•  and  becaufe  the  fun  riles  about  four  in 
the  morning,  on  the  longeft  days  at  London, 
continue  the  hour-lines  of  IIII  and  V,  in  the 
afternoon,  through  the  center  b to  the  oppofite 
fide  of  the  dial.— This  done,  lay  the  ruler  to  the 
center  of  the  quadrant  e g,  and  through  the 
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like  divifions  or  degrees  of  that  quadrant,  viz. 

”t>  24f>  384>  S3i>  and  7W draw  the  fore- 
noon hour-lines  of  XT,  X,  IX,  VIII,  and  VII ; 
and  becaufe  the  fun  fets  not  before  eight  in  the 
evening  on  the  longed  days,  continue  the  hour- 
linesofVII  and  VIII  in  the  forenoon, through  the 
center  a>  to  VII  and  VIII  in  the  afternoon  and 
all  the  hour-lines  w.ill  be  finished  on  this  dial  j to 
which  the  hours  may  be  fet,  as  in  the  figure. 

Ladly,  through  514.  degrees  of  either  qua- 
drant, and  from  its  center  draw  the  right  line  a g 
for  the  hypothenufe  or  axis  of  the  gnomon  a g i ; 
and  from  g}  let  fall  the  perpendicular  g i,  upon 
the  meridian  line  a i,  and  there  will  be  a triangle 
made,  whole  fides  are  a g,  g i,  and  i a.  If  a 
plate  fimilar  to  this  triangle  be  made  as  thick  as 
the  didance  between  the  lines  a c and  b d , and 
fet  upright  between  them,  touching  at  a and  b , 
its  hypothenufe  a g will  be  parallel  to  the  axis  of 
the  world,  when  the  dial  is  truly  fet : and  will  cad 
a fhadow  on  the  hour  of  the  day. 

N.  B.  The  trouble  of  dividing  the  two  qua- 
drants may  be  faved,  if  you  have  a fcale  with  a 
line  of  chords  upon  it,  fuch  as  that  on  the  right 
hand  of  the  plate  ; for  if  you  extend  the  com- 
pades  from  o to  60  degrees  of  the  line  of  chords, 
and  with  that  extent,  as  a radius,  defcribe  the 
two  quadrants  upon  their  refpedtive  centers,  the 
above  didances  may  be  taken  with  the  com- 
paifes  upon  the  line,  and  fet  off  upon  the  qua- 
drants. 

‘T 0 make  an  erebl  direct Jouth  dial.  Elevate  the 
pole  to  the  co-latitude  of  your  place,  and  pro- 
ceed in  all  refpedls  as  above  taught  for  the  hori- 
zontal dial,  from  VI  in  the  morning  to  VI  in 
the  afternoon,  only  the  hours  mud  be  reverfed, 
as  in  the  figure  j and  the  hypothenufe  a g,  of  the 
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gnomon  agf  muftmakean  angle  with  the  dial- 
plane  equal  to  the  co-latitude  of  the  place.  As 
the  fun  can  Ihine  no  longer  on  this  dial,  than 
from  fix  in  the  morning  until  fix  in  the  evening, 
there  is  no  occafion  for  having  any  more  than 
twelve  hours  upon  it. 

To  make  an  erect  dial,  declining  from  the  fcuth  To  con- 
to  ward  the  eaft  or  weft.  Elevate  the  pole  to  the  ftru<^  an 
latitude  of  your  place,  and  fcrew  the  quadrant  of  d‘~ 
altitude  to  the  zenith.  Then,  if  your  dial  de-  diulf 
dines  toward  the  eaft  (which  we  fhall  fuppofe 
it  to  do  at  prefent)  count  in  the  horizon  the 
degrees  of  declination,  from  the  eaft  point  to- 
ward the  north,  r.-:d  bring  the  lower  eqd  of  the 
quadrant  to  that  degree  of  declination  at  which  1 

the  reckoning  ends.  This  done,  bring  any  par- 
ticular meridian  of  your  globe  (as  fuppofe  the 
firft  me(idian)  dircdily  under  the  graduated  edge 
of  the  upper  part  of  the  brafen  meridian,  and 
fet  the  hour-index  to  XII  at  noon.  Then,  keep- 
ing the  quadrant  of  altitude  at  the  degree  of 
declination  in  the  horizon,  turn  the  globe  eaft- 
ward  on  its  axis,  and  oblerve  the  degrees  cut  by 
the  firft  meridian  in  the  quadrant  of  altitude 
(counted  from  the  zenith)  as  the  hour-index 
comes  to  XI,  X,  IX,  &c.  in  the  forenoon,  or  as 
1 5>  3C>  45>  &c‘  degrees  of  the  equator  pafs  under 
the  brafen  meridian  at  thefe  hours  refpectively 
and  the  degrees  then  cut  in  the  quadrant  by  the 
firft  meridian,  are  the  refpe&ive  diftances  of  the 
forenoon  hours  from  XII  on  the  plane  of  the 
dial. —Then,  for  the  afternoon  hours,  turn  the 
quadrant  of  altitude  round  the  zenith  until  it 
comes  to  the  degree  in  the  horizon  oppolite  to 
that  where  it  was  placed  before  ; namely,  as  far 
from  the.weft  point  of  the  horizon  toward  the 
fouth,  as  it  was  fct  at  firft  from  the  eaft  point  to- 
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ward  the  north,  and  turn  the  globe  weftward 
on  its  axis,  until  the  firft  meridian  conies  to  the 
brafen  meridian  again,  and  the  hour-index  to 
XII : then,  continue  to  turn  the  globe  weft- 
ward,  and  as  the  index  points  to  the  afternoon 
hours  I,  II,  III,  &c.  or  at  15,  30,  45,  &c.  de- 
grees of  the  equator  pafs  under  the  brafen  meri- 
dian, the  firft  meridian  will  cut  the  quadrant  of 
altitude  in  the  refpe&ive  number  of  degrees 
from  the  zenith,  that  each  ofthefe  hours  is  from 
XII  on  the  dial. — And  note,  that  when  the  firft 
meridian  goes  off  the  quadrant  at  the  horizon,  in 
the  forenoon,  the  hour-index  fhews  the  time 
when  the  fun  will  come  upon  this  dial : and  when 
it  goes  off  the  quadrant  in  the  afternoon,  the  in- 
dex will  point  to  the  time  when  the  fun  goes  off 
the  dial. 

Having  thus  found  all  the  hour-diftances  from 
XII,  lay  them  down  upon  your  dial-plate,  either 
by  dividing  a femicircle  into  two  quadrants  of 
90  degrees  each  (beginning  at  the  hour-line  of 
XII)  or  by  the  line  of  chords,  as  above  directed. 

In  all  declining  dials,  the  line  on  which  the  ftile 
or  gnomon  Hands  (commonly  called  thefubjlile- 
line ) makes  an  angle  with  the  twelve  o’clock  line, 
and  falls  among  the  forenoon  hour-lines,  if  the 
dial  declines  toward  the  eaft  ; and  among  the 
afternoon  hour-lines,  when  the  dial  declines  to- 
ward the  weft  ; that  is,  to  the  left  hand  from  the 
twelve  o’clock  line  in  the  former  cafe,  and  to  the 
right  hand  from  it  in  the  latter. 

To  find  the  diftance  of  the  fubftile  from  the 
twelve  o’clock  line ; if  your  dial  declines  from 
the  fouth  toward  the  eaft,  count  the  degrees 
of  that  declination  in  the  horizon  from  the  eaft 
point  towaro  the  north,  and  bring  the  lower  end 
of  the  quadrant  of  altitude  to  that  degree  of  ; 
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declination  where  the  reckoning  ends : then 
turn  the  globe  until  the  firft  meridian  cuts  the 
horizon  in  the  like  number  of  degrees,  counted 
from  the  fouth  point  toward  the  caft  j and  the 
quadrant  and  firft  meridian  will  then  crofs  one 
another  at  right  angles,  and  the  number  of  de- 
grees of  the  quadrant,  which  are  intercepted 
between  the  firft  meridian  and  the  zenith,  is 
equal  to  the  diftance  of  the  fubftile-line  from  the 
twelve  o’clock  line  : and  the  number  of  degrees 
of  the  firft  meridian,  which  are  intercepted  be- 
tween the  quadrant  and  the  north  pole,  is  equal 
to  the  elevation  pf  the  ftile  above  the  plane  of 
the  dial. 

If  the  dial  declines  weftward  from  the  fouth, 
count  that  declination  from  the  eaft  point  of  the 
horizon  toward  the  fouth,  and  bring  the  qua- 
drant of  altitude  to  the  degree  in  the  horizon  at 
which  the  reckoning  ends  ; both  for  finding  the 
forenoon  hours,  and  the  diftance  of  the  fubftile 
from  the  meridian  : and  for  the  afternoon  hours, 
bring  the  quadrant  to  the  oppofite  degree  in  the 
horizon,  namely,  as  far  from  the  weft  toward 
the  north,  and  then  proceed  in  all  refpedls  as 
above. 

Thus,  we  have  finilhed  our  declining  dial : 
and  in  fo  doing,  we  made  four  dials,  viz. 

i.  A north  dial,  declining  northward  by  the 
fame  number  of  degrees.  2.  A north  dial,  de- 
clining the  fame  number  weft.  3.  A fouth 
dial,  declining  eaft.  And,  4.  A fouth  dial,  de- 
clining weft.  Only,  placing  the  proper  number 
of  hours,  and  the  ftile  or  gnomon  rcfpeftively, 
upon  each  plane.  For  (as  above-mentioned) 
in  the  fouth- weft  plane,  the  fubftile-line  falls 
among  the  afternoon  hours ; and  in  the  fouth- 
caft,  of  the  fame  declination  among  the  forenoon 

Y 3 hours. 


3^8  Of  Dialing. 

hours,  at  equal  diftances  from  XII.  And  fo, 
all  the  morning  hours  on  the  weft  decliner  will 
be  like  the  afternoon  hours  on  the  eaft  decliner ; 
the  fouth-eaft  decliner  will  produce  the  north- 
weft  decliner  ; and  the  fouth-weft  decliner,  the 
north -eaft  decliner,  by  only  extending  the  hour- 
lines, ftile  and  fubftile,  quite  through  the  center  : 
the  axis  of  the  ftile  (or  edge  that  cafts  the  fhadow 
on  the  hour  of  the  day)  being  in  all  dials  what- 
ever parallel  to  the  axis  of  the  world,  and  con- 
fequently  pointing  toward  the  .north  pole  of  the 
heaven  in  north  latitudes,  and  toward  the  fouth 
pole,  in  fouth  latitudes.  See  more  of  this  in  the 
following  le Shire. 

An  eafy  But  becaufe  every  one  who  would  like  to  make 

Sr  ton  a may  Per^aPs  noc  be  provided  with  a globe 

ftru fling  to  him,  ar)d  may  probably  not  underftand 
of  dials,  the  method  of  doing  it  by  logarithmic  calcula- 
tion : we  fhall  fhew  how  to  perform  it  by  the 
plain  dialing  lines,  or  fcale  of  latitudes  and  hours; 
fuch  as  thole  on  the  right  hand  of  Fig.4.  in  Plate 
XXI,  or  at  the  top  of  Plate  XXII,  and  which 
may  be  had  on  fcales  commonly  fold  by  the 
mathematical-inftrument  makers. 

This  is  the  eafieft  of  all  mechanical  methods, 
and  by  much  the  beft,  when  the  lines  are  truly- 
divided  : not  only  the  half  hours  and  quarters 
may  be  laid  down  by  all  of  them,  but  every  fifth 
minute  by  moft,  and  every  fingle  minute  by  thofe 
where  the  line  of  hours  is  a foot  in  length. 

Fig.  3.  Having  drawn  your  double  meridian  line  a bt 
c d , on  the  plane  intended  for  a horizontal  dial, 
and  crofted  it  at  right  angles  by  the  fix  o’clock  line  j) 
f e (as  in  Fig.  1.)  take  the  latitude  of  your  place 
with  the  compafies,  in  the  fcale  of  latitudes,  and 
fet  that  extent  from  c to  e,  and  from  a to /,  on 
the  fix  o’clock  line  : then,  taking  the  whole  fix  f 
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hours  between  the  points  of  the  compiffes  in  the 
fcale  of  hours,  with  chat  extent  fet  one  foot  in  the 
point  <?,  and  let  the  other  foot  fall  where  it  will 
upon  the  meridian  line  c d , as  at  d.  Do  the  fame 
from /co  b,  and  draw  the  right  lines  e d and / b, 
each  of  which  will  be  equal  in  length  to  the  whole 
fcale  of  hours.  This  done,  fetting  one  foot  of 
the  compares  in  the  beginning  of  the  fcale  at  XII, 
and  extending  the  other  to  each  hour  on  the 
fcale,  lay  off  thefe  extents  from  d to  e for  the 
afternoon  hours,  and  from  b to/for  thofe  of  the 
forenoon  : this  will  divide  the  lines  d e and  b f 
in  the  fame  manner  as  the  hour-fcale  is  divided, 
at  1,  2,  3,  4,  5,  and  6,  on  which  the  quarters 
may  alfo  be  laid  down,  if  required.  Then,  lay,, 
ing  a ruler  on  the  point  r,  draw  the  firft  five 
hours  in  the  afcernoon,  from  that  point,  through 
the  dots  at  the  numeral  figures  1,  2,  3,  4,  5,  on 
the  line  d e\  and  continue  the  lines  of  1 1 II  and  V 
through  the  center  c to  the  other  fide  of  the  dial, 
for  the  like  hours  of  the  morning which  done, 
lay  the  ruler  on  the  point  a}  and  draw  the  Jaft  five 
hours  in  the  forenoon  through  the  dots  5,  4,  3, 

2,  1,  on  the  lin efb  ■,  continuing  the  hour-lines  of 
VII  and  VIII  through  the  center  a to  the  other 
fide  of  the  dial,  for  the  like  hours  of  the  evenings 
and  fet  the  hours  to  their  refpe&ive  lines  as  in  the 
figure.  Laftly,  make  the  gnomon  the  fame  way 
as  taught  above  for  the  horizontal  dial,  and  the 
whole  will  be  finilhed. 

To  make  an  eredt  fouth  dial,  take  the  co-kti- 
tude  of  your  place  from  the  fcale  of  latitudes,  and 
then  proceed  in  all  refpe&s  for  the  hour- lines,  as 
in  the  horizontal  dials  only  rcverfing  the  hours, 
as  in  Fig.  2 s and  making  the  angle  of  the  ftile’s 
height  equal  to  the  eo-latitude. 


I have 


,33  0 Of  'Dialing. 

I have  drawn  out  a fet  of  dialing  lines  upon 
the  top  of  Plate  XXII  large  enough  for  mak- 
ing a dial  of  nine  inches  diameter,  or  more 
inches  if  required;  and  have  drawn  them  tole- 
rably exa<5t  for  common  practice,  to  every  quar- 
ter of  a hour.  This  fcale  may  be  cut  off  from 
th£  plate,  and  pafted  upon  wood,  or  upon  the  in- 
fide  of  one  of  the  boards  of  this  book  ; and  then 
it  will  be  fomevvhat  more  exad  than  it  is  on  the 
plate,  for,  being  rightly  divided  upon  the  copper- 
plate, and  printed  off  on  wet  paper,  it  (hrinks 
as  the  paper  dries  ; but  when  it  is  wetted  again,  it 
ftretches  to  the  fame  fize  as  when  newly  printed; 
and  if  pafted  on  while  wet,  it  will  remain  of  that 
fize  afterward. 

But  left  the  young  dialift  fhould  have  neither 
globe  nor  wooden  fcale,  and  fhould  tear  or  other- 
wife  fpoil  the  paper  one  in  parting,  we  fhall  now 
fhew  him  how  he  may  make  a dial  without  any 
of  thefe  helps.  Only,  if  he  has  not  a line  of 
chords,  he  muft  divide  a quadrant  into  90  equal 
parts  or  degrees  for  taking  the  proper  angle  of 
the  ftile’s  elevation  ; which  is  cafily  done. 

Fig.  4.  With  any  opening  of  the  compaffes,  as  Z L , 
deferibe  the  two  femicircles  L F k and  L Ffk, 
upon  the  centers  Z and  z,  where  the  fix  o’clock 
line  croffes  the  double  meiidian  line,  and  divide 
Horizon-  each  femicircle  into  12  equal  parts,  beginning  at 
ial  dial.  £ . though,  ftridly  fpeaking,  only  the  quadrants 
from  L to  the  fix  o’clock  line  need  be  divided : 
then  conned  the  divifions  which  are  equidiftant 
from  L,  by  the  parallel  lines  KM,  IN,  HO,  GP, 
and  F §>•  Draw  V Z for  the  hypothenufe  of  the 
fiile,  making  the  angle  V Z E equal  to  the  lati- 
tude of  your  place  ; and  continue  the  line  V Z to 
R.  Draw  the  line  R r parallel  to  the  fix  o’clock 
line,  and  fet  off  the  diftance  a k from  Z to  T, 
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the  diftance  £ / from  Z to  X,  c H from  Z to  Wy 
d G from  Z to  and  <?  F from  Z to  *S\  Then 
<lraw  the  lines  S s,  T t,  IFw,  Xxy  and  T y,  each 
parallel  to  R r.  Set  off  the  diftance  y T from  a 
to  1 1,  and  from  /to  i : the  diftance  x X from  b 
to  io,  and  from  g to  2 ; w Wi. rom  c to  9,  and 
from  h to  3 j tT  from  d to  8,  and  from  i to 
4 ; s S from  e to  7,  and  from  n to  5.  Then  lay- 
ing a ruler  to  the  center  Z,  draw  the  forenoon 
hour-lines  through  the  points  11,  10,  9,  8,  7 j 
and  laying  it  to  the  center  2,  draw  the  afternoon 
lines  through  the  points  1,  2,  3,  4,  5 ; continu- 
ing the  forenoon  lines  of  VII  and  VIII  through 
the  center  Z,  to  the  oppofite  fide  of  the  dial,  for 
the  like  afternoon  hdurs : and  the  afternoon  lines 
IIII  and  V through  the  center  2,  to  the  oppofite 
fide,  for  the  like  morning  hours.  Set  the  hours 
to  thefe  lines  as  in  the  figure,  and  then  ere£t  the 
ftile  or  gnomon,  and  the  horizontal  dial  will  be 
finilhed. 

To  conftrudb  a fouth  dial,  draw  the  line  V Z,  South 
making  an  angle  with  the  meridian  Z L equal  to  did. 
the  co-latitude  of  your  place  and  proceed  in  all 
refpedls  as  in  the  above  horizontal  dial  for  the 
fame  latitude,  reverfing  the  hours  as  in  Fig.  2. 
and  making  the  elevation  of  the  gnomon  equal 
to  the  co-latitude.N 

Perhaps  it  may  not  be  unacceptable  to  explain 
the  method  of  conftru&ing  the  dialing  lines,  and 
fome  others ; which  is  as  follows. 

With  any  opening  of  the  compares,  as  E A , Plate 
according  to  the  intended  length  of  the  fcale,  XXIL 
deferibe  the  circle  A D C B,  and  crofs  it  at  right 
angles  by  the  diameters  C E A and  DEB.  Fig.  r. 
J)ivide  the  quadrant^/  R firft  into  9 equal  parts,  Dialing 
and  then  each  part  into  10  j fo  fhali  the  quadrant linC5'  h°w 
be  divided  into  90  equal  parts  or  degrees.  Draw  ™ rUL  ’ 

the 


Of  Dialing. 

the  right  line  A F B for  the  chord  of  this  qua- 
drant, and  fetting  one  foot  of  the  compaffes  in 
the  point  A , extend  the  other  to  the  feveral  divi- 
fions  of  the  quadrant,  and  transfer  thefe  divifions 
ro  the  line  A F B by  the  arcs,  io  io,  20  20,  See. 
and  this  will  be  a line  of  chords,  divided  into  90 
unequal  parts ; which,  if  transferred  from  the  line 
back  again  to  the  quadrant,  will  divide  it  equally. 
It  is  plain  by  the  figure,  that  the  diftance  from  A 
to  60  in  the  line  of  chords,  is  juft  equal  to  A E, 
the  radius  of  the  circle  from  which  that  line  is 
made ; for  if  the  arc  60  60  be  continued,  of 
which  A is  the  center,  it  goes  exactly  through 
the  center  E of  the  arc  A B. 

And  therefore,  in  laying  down  any  number  of 
degrees  on  a circle,  by  the  line  of  chords,  you 
muft  firft  open  the  compaffes,  fo  as  to  take  in 
juft  60  degrees  upon  that  line,  as  from  A to  60: 
and  then,  with  that  extent,  as  a radius,  deferibe 
a circle  which  will  be  exactly  of  the  lame  fize 
with  that  from  which  the  line  was  divided  : 
which  done,  fetone  foot  of  the  compaffes  in  the 
beginning  of  the  chord  line,  as  a t A,  and  extend 
the  other  to  the  number  of  degrees  you  want 
upon  the  line,  which  extent,  applied  to  the 
circle,  will  include  the  like  number  of  degrees 
upon  it. 

Divide  the  quadrant  C D into  90  equal  parts, 
and  from  each  point  of  divifion  draw  right  lines 
as  i k 7,  &c.  to  the  line  C E ; all  perpendicular 
to  that  line,  and  parallel  to  D E,  which  will  di- 
vide E C into  a line  of  fines ; and  although  thele 
are  feldom  put  among  the  dialing  lines  on  a fcale, 
yet  they  affift  in  drawing  the  line  of  latitudes. 
For,  if  a ruler  be  laid  upon  the  point  D,  and 
over  each  divifion  in  the  line  of  fines,  it  will 
divide  the  quadrant  C B into  90  unequal  parts, 
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as  B a,  a b,  &c.  {hewn  by  the  right  lines  io 
20  b , 30  r,  &c.  drawn  along  the  edge  of  the  ruler. 

If  the  right  line  B C be  drawn,  fubtending  this 
quadrant,  and  the  neareft  diftances  B a,  B b,  C c> 

&c.  be  taken  in  the  compaffcS  from  B,  and  fee 
upon  this  line  in  the  fame  manner  as  directed  for 
the  line  of  chords,  it  will  make  a line  of  latitudes 
B C,  equal  in  length  to  the  line  of  chords  A B , 
and  of  an  equal  number  of  divifions,  but  very 
unequal  as  to  their  lengths. 

Draw  the  right  line  D G A,  fubtending  the 
quadrant  D A\  and  parallel  to  it,  draw  the  right 
line  r s , touching  the  quadrant  D A at  the  nume- 
ral figure  3.  Divide  this  quadrant  into  fix  equal 
parts,  as  j,  2,  3,  &c.  and  through  thefe  points  of 
divifion  draw  right  lines  from  the  center  E to  the 
line  r s,  which  will  divide  it  at  the  points  where 
the  fix  hours  are  to  be  placed,  as  in  the  figure. 

If  every  fixth  part  of  the  quadrant  be  fubdivided 
into  four  equal  parts,  right  lines  drawn  from  the 
center  through  thefe  points  of  divifiofi,  and  con- 
tinued to  the  line  r s}  will  divide  each  hour  upon 
it  into  quarters. 

In  Fig.  2.  we  have  the  reprefentation  of  a A dial  on 
portable  dial,  which  may  be  eafily  drawn  on  a a card. 
card,  and  carried  in  a pocket-book.  The  lines  Flg*  2* 
a d,a  b3  and  be  of  the  gnomon  muft  be  cut  quite 
through  the  card  j and  as  the  end  a b of  tlte  gno- 
mon is  raifed  occafionally  above  the  plane  of  the 
dial,  it  turns  upon  the  uncut  line  c d'  as  on  a 
hinge.  The  line  dotted  A B mufl  be  flit  quite 
through  the  card,  and  the  thread  mud  be  put 
through  the  flit,  and  have  a knot  tied  behind,  to 
keep  it  from  being  eafily  drawn  out.  On  rhe 
other  end  of  this  thread  is  a fmall  plummet  D, 
and  on  the  middle  of  it  a fmall  bead  for  {hewing 
the  time  of  the  day. 

To 
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To  re&ify  this  dial,  fet  the  thread  in  the  Hit 
right  againft  the  day  of  the  month,  and  ftrefch 
the  thread  from  the  day  of  the  month  over  the 
angular  point  where  the  curve  lines  meet  at  XII; 
then  fhift  the  bead  to  that  point  on  the  thread, 
and  the  dial  will  be  rectified. 

To  find  the  hour  of  the  day,  raife  the  gnomon 
(no  matter  how  much  or  how  little)  and  hold  the 
edge  of  the  dial  next  the  gnomon  toward  the  fun, 
fo  as  the  uppermoft  edge  of  the  fhadow  of  the 
gnomon  may  juft  cover  the  Jhadow-line  ■,  and  the 
bead  then  playing  freely  on  the  face  of  the  dial, 
by  the  weight  of  the  plummet,  will  fhew  the 
time  of  the  day  among  the  hour-lines,  as  it  is 
forenoon  or  afternoon. 

To  find  the  time  of  fun-rifing  and  fetting, 
move  the  thread  among  the  hour-lines,  until  it 
either  covers  fome  one  of  them,  or  lies  parallel 
betwixt  any  two ; and  then  it  will  cut  the  time  of 
fun-rifing  among  the  forenoon  hours,  and  of  fun- 
fetting  among  the  afternoon  hours,  on  that  day 
of  the  year  for  which  the  thread  is  fet  in  the  fcale 
of  months. 

To  find  the  fun’s  declination,  ftretch  the  thread 
from  the  day  of  the  month  over  the  angular  point 
at  XII,  and  it  will  cut  the  fun’s  declination,  as  it 
is  north  or  fouth,  for  that  day,  in  the  arched  fcale 
of  north  and  fouth  declination. 

To  find  on  what  days  the  fun  enters  the 
figns : when  the  bead,  as  above  rectified,  moves 
along  any  of  the  curve  lines  which  have  the  figns 
of  the  zodiac  marked  upon  them,  the  fun  enters 
thofe  figns  on  the  days  pointed  out  by  the  thread 
in  the  fcale  of  months. 

The  conftruftion  of  this  dial  is  very  eafy, 
efpecially  if  the  reader  compares  it  all  along 

with 
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’ with  Fig.  3.  as  he  reads  the  following  explana- 
tion of  that  figure.  # , 

Draw  the  occult  line  A B parallel  to  the  top  of  Fig-  3* 
the  card,  and  crofs  it  at  right  angles  with  the  fix 
o’clock  line  E C D ; then  upon  C,  as  a center, 
with  the  radius  CA,  defcribe  the  femicircle  A EL, 
and  divide  it  into  12  equal  parts  (beginning  at 
A)  as  A r,  A s , &c.  and  from  thefe  points  of 
divifion,  draw  the  hour-lines  r , s,  t , u , v,  E,  w, 
and  ,v,  all  parallel  to  the  fix  o’clock  line  E C. 

If  each  part  of  the  femicircle  be  divided  into 
four  equal  parts,  they  will  give  the  half-hour 
lines  and  quarters,  as  in  Fig.  2.  Draw  the  right 
line  AS  D 0,  making  the  angle  SAB  equal  to  the 
latitude  of  your  place.  Upon  the  center  A de- 
fcribe the  arch  R S T,  and  fet  off  upon  it  the  arcs 
S R and  S F,  each  equal  to  23!  degrees,  for  the 
fun’s  greateft  declination  ; and  divide  them  into 
234.  equal  parts,  as  in  Fig.  2.  Through  the 
interfeflion  D of  the  lines  E C D and  A D 0 , 
draw  the  right  line  F D G at  right  angles  to 
AD  0.  Lay  a ruler  to  the  points  A and  R,  and 
draw  the  line  A R F through  234-  degrees  of 
fouth  declination  in  the  arc  S R and  then  lay- 
ing the  ruler  to  the  points  ^and  T,  draw  the  line 
A T G through  234  degrees  of  north  declination 
in  the  arc  ST:  fo  fhall  the  lines  A RF  and 
A F G cut  the  line  F D G in  the  proper  length 
for  the  fcale  of  months.  Upon  the  center  D , 
with  the  radius  D F,  defcribe  the  femicircle 
F 0 G j and  divide  it  into  fix  equal  parts,  F m, 
m n,  n 0,  &cc.  and  from  thefe  points  of  divifion 
draw  the  right  lines  m h,  n i,  p k,  and  q /,  each 
parallel  to  0 D.  Then  fetting  one  foot  of  the 
compares  in  the  point  F,  extend  the  other  to  A, 
and  defcribe  the  arc  A z H for  the  tropic  of  XP : 
with  the  fame  extent,  fetting  one  foot  in  G,  de- 
fcribe 
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fcribe  the  arc  A E O for  the  tropic  of  <&.  Next 
fetting  one  foot  in  the  point  h , and  extending 
the  other  to  A>  deferibe  the  ar c A C I for  the 
beginnings  of  the  figns  ss  and  / ; and  with  the 
fame  extent,  fetting  one  foot  in  the  point  /,  de- 
feribe the  arc  A N for  the  beginnings  of  the 
figns  n and  Si.  Set  one  foot  in  the  point/,  and 
having  extended  the  other  to  A,  deferibe  the  arc 
A K for  the  beginnings  of  the  figns  X and  rr\_ ; 
and  with  the  fame  extent,  fet  one  foot  in  k,  and 
deferibe  the  arc  A M for  the  beginnings  of  the 
figns  « and  W.  Then,  fetting  one  foot  in  the 
point  D , and  extending  the  other  to  A,  deferibe 
the  curve  A L for  the  beginnings  of  v and  ; 
and  the  figns  will  be  finilhed.  This  done,  lay  a 
ruler  from  the  points  over  the  fun’s  declination 
in  the  arc  R S T (found  by  the  following  table) 
for  every  fifth  day  of  the  year;  and  where  the 
♦ ruler  cuts  the  line  F D G,  make  marks ; and 

place  the  days  of  the  months  right  againft  thefe 
marks,  in  the  manner  (hewn  by  Fig.  i.  Laftly, 
draw  the  fhadow  line  P ^parallel  to  the  occult 
line  A B ; make  the  gnomon,  and  fet  the  hours 
x to  their  refpedlive  lines,  as  in  Fig.  2.  and  the  dial 

will  be  finifhed. 

Fig.  4.  There  are  feveral  kinds  of  dials,  which  are 
called  univerfal , becaufe  they  ferve  for  all  lati- 
tudes. Of  thefe,  the  bell  one  that  I know,  is 
Mr.  Pardie's , which  confifts  of  three  principal 
parts  : the  firft  whereof  is  called  the  horizontal 
An  *«.  plane  ( A ) becaufe  in  the  pradtice  it  muft  be  pa- 
•ver/al  rallel  to  the  horizon.  In  this  plane  is  fixe  an 

dtal'  upright  pin,  which  enters  into  the  edge  of  the 

fecond  part  B D , called  the  meridional  plane ; 
which  is  made  of  two  pieces,  the  lowed  whereof 
( B ) is  called  the  quadrant , becaufe  it  contains  a 
quarter  of  a circle,  divided  into  90  degrees ; and 
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it  is  only  into  this  part,  near  B,  that  the  pin  enters. 
The  other  piece  is  a femicircle  ( D ) adjufted  to  the 
quadrant,  and  turning  in  it  by  a groove,  for  rajfing 
or  deprefling  the  diameter  (EF)  of  the  femicircle, 
which  diameter  is  called  the  axis  of  the  inftru- 
ment.  The  third  piece  is  a circle  (.G)  divided 
on  both  fides  into  24  equal  parts,  which  are  the 
hours.  This  circle  is  put  upon  the  meridional 
plane  fo,  that  the  axis  ( EF ) may  be  perpendicu- 
lar to  the  circle  5 and  the  point  C be  the  com- 
mon center  of  the  circle,  femicircle,  and  qua* 
drant.  The  ftraight  edge  of  the  femicircle  is 
chamfered  on  both  fides  to  a fharp  edge,  which 
paftes  through  the  center  of  the  circle.  On  one 
fide  of  the  chamfered  part,  the  firft  fix  months 
of  the  year  are  laid  down,  according  to  the  fun’s 
declination  for  their  refpe&ive  days,  and  on  the 
other  fide  the  Lift  fix  months.  And  againft  the 
days  on  which  the  fun  enters  the  figns,  there  are 
ftraight  lines  drawn  upon  the  femicircle,  with  the 
characters  of  the  figns  marked  upon  them. 
There  is  a black  line  drawn  along  the  middle  of 
the  upright  edge  of  the  quadrant,  over  which 
bangs  a thread  (H)  with  its  plummet  (/)  for 
levelling  the  inftrumenr.  N.  B.  From  the  22d 
of  September  to  the  20th  of  March,  the  upper 
furface  of  the  circle  mult  touch  both  the  center 
C of  the  femicircle,  and  the  line  of  °r  and  =£s  j 
and  from  the  20th  of  March  to  the  22d  of  Sep- 
tember, the  lower  furface  of  the  circle  muft  touch 
that  center  and  line. 

To  find  the  time  of  the  day  by  this  dial.  Hav- 
ing fet  it  on  a level  place  in  funfhine,  and  ad- 
jufted it  by  the  levelling  ferews  k and  /,  until  the 
plumb  line  hangs  over  the  back  line  upon  the 
edge  of  the  quadrant,  and  parallel  to  the  faid 
edge  i move  the  femicircle  in  the  quadrant,  until 

8*  -the 
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the  line  of  v and  (where  the  circle  touches) 
comes  to  the  latitude,  of  your  place  in  the  qua- 
drant: then,  turn  the  whole  meridional  plane 
B D,  with  its  circle  G,  upon  the  horizontal  plane 
A,  until  the  edge  of  the  fhadow  of  the  circle 
falls  precifefy  on  the  day  of  the  month  in  the 
femicircle;  and  then,  the  meridional  plane  will 
be  due  north  and  fouth,  the -axis  E F will  be 
parallel  to  the  axis  of  the  world,  and  will  call:  a 
fhadow  upon  the  true  time  of  the  day,  among  the 
hours  on  the  circle. 

N.  B.  As,  when  the  inftrument  is  thus  recti- 
fied, the  quadrant  and. femicircle  are  in  the  plane 
of  the  meridian,  fo  the  circle  is  then  in  the  plane 
of  the  equinoctial.  Therefore,  as  the  fun  is  above 
the  equinoctial  in  fummer  (in  northern  latitudes) 
and  below  it  in  winter;  the  axis  of  the  femi- 
circle will  call  a fhadow  on  the  hour  of  the  day, 
on  the  upper  furface  of  the  circle,  from  the  20th 
of  March  to  the  22d  of  September:  and  from 
the  22d  of  September,  to  the  20th  of  March,  the 
hour  of  the  day  will  be  determined  by  the  fhadow 
of  the  femicircle,  upon  the  lower  furface  of  the 
circle.  In  the  former  cafe,  the  fhadow  of  the 
circle  falls  upon  the  day  of  the  month,  on  the 
lower  part  of  the  diameter  of  the  femicircle ; and 
in  the  latter  cafe  oh  the  upper  part. 

The  method  of  laying  down  the  months  and 
figns  upon  the  femicircle,  is  as  follows.  Draw 
the  right  line  A C B}  equal  to  the  diameter  of  the 
femicircle  A D B , and  crofs  it  in  the  middle  at 
•F’g.  5.  ri§ht  angles  with  the  line  ECD}  equal  in  length 
to  A D B ; then  E C will  be  the  radius  of  the 
> circle  F C G,  which  is  the  fame  as  that  of  the 
femicircle.  Upon  Ey  as  a center,  deferibe  the 
v circle  F C G,  on  which  fet  off  the  arcs  C h and 
C i,  each  equal  to  234-  degrees,  and  divide  them 
accordingly  into  that  number  for  the  fun’s  de- 
clination 
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dination.  Then,  laying  the  edge  of  a ruler 
over  the  center  E>  and  alfo  over  the  fun’s  decli- 
nation for  every  fifth  day  * of  each  month  (as  in 
the  card  dial),  mark  the  points  on  the  diameter 
AB  of  the  femicircle  fr-om  a to  g,  which  are  cut 
bv  the  ruler ; and  there  place  the  days  of  the 
months  accordingly,  anfwering  the  fun’s  declina- 
tion. This  done,  letting  one  foot  of  the  com- 
pafles  in  C , and  extending  the  other  to  a or  g, 
delcribe  the  femicircle  abed  efg ; which  divide 
into  fix  equal  parts,  and  through  the  points  of 
divifion  draw  right  lines,  parallel  to  C D , for  the 
beginning  of  the  figns  (of  which  one  half  are  on 
one  fide  of  the  femicircle,  and  the  other  half  on 
the  other  fide)  and  fet  the  charadlers  of  the  figns 
to  their  proper  lines,  as  in  the  figure. 

The  following  table  fhews  the  fun’s  place  and 
declination,  in  degrees  and  minutes,  at  the  noon 
of  every  day  of  the  fecond  year  after  leap  year; 
which  is  a mean  between  thofe  of  leap  year  it- 
felf,  and  the  firft  and  third  years  after.  It  is 
ufeful  for  inferibing  die  months  and  their  days 
on  fun-dials  3 and  alfo  for  finding  the  latitudes 
of  places,  according  to  the  methods  preferibed 
after  the  table. 

* The  intermediate  days  may  be  drawn  in  by  hand,  if 
fhe  ipacei  be  large  enough  to  contain  them. 
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Tables  of  the  Sun's  Place  and  Declination* 
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Rules  for  finding  the  Latitude. 

To  find  the  latitude  of  any  place  by  obfervation. 

The  latitude  of  any  place  is  equal  to  »he 
elevation  of  the  pole  above  the  horizon  of  that 
place.  Thereiore  it  is  plain,  that  if  a ftar  was 
fixt  in  the  pole,  there  would  be  nothing  re- 
quired to  find  the  latitude,  but  to  take  the  al- 
titude of  that  ftar  with  a good  inftrument.  But 
although  there  is  no  ftar  in  the  pole,  yet  the 
latitude  may  be  found  by  taking  the  greateftr 
and  Itaft  altitude  of  any  ftar  that  never  fets : for 
if  half  the  difference  between  thefe  altitudes  be 
added  to  the  leaft  altitude,  or  fubtraCted  from 
the  greateft,  the  fum  or  remainder  will  be  equal 
to  the  altitude  of  the  pole  at  the  place  of  obfer- 
vation. 

But  becaufe  the  length  of  the  night  rauft  be 
more  than  12  hours,  in  order  to  have  two  fuch 
obfervations  the  fun’s  meridian  altitude  and  de- 
clination are  generally  made  ufe  of  for  finding 
the  latitude,  by  means  of  its  complement,  which 
is  equal  to  the  elevation  of  the  equinoctial  above 
the  horizon ; and  if  this  complement  be  fubtraCt- 
ed  from  90  degrees,  the  remainder  will  be  the 
latitude,  concerning  which,  I think,  the  follow- 
ing rules  take  in  all  the  various  cafes. 

1.  If  the  fun  has  north  declination,  and  is  on 
the  meridian,  and  to  the  fouth  of  your  place, 
fubtradt  the  declination  from  the  meridian  alti- 
tude (taken  by  a good  quadrant),  and  the  re- 
mainder will  be  the  height  of  the  equinoctial  or 
complement  of  the  latitude  north. 


Rules  for  finding  the  Latitude. 


EXAMPLE. 

c r C The  fun’s  meridian  altitude  420  20' South 

ouppoie  | And  his  declination,  fubt.  10  1 5 North 

Rem.  the  complement  of  the  lat.  32  5 

Which  fubtradl  from  — - — 90  o 

And  the  remainder  is  the  latitude  57  55  North 

2.  If  the  fun  has  fouth  declination,  and  is 
fouthward  of  your  place  at  noon,  add  the  de- 
clination to  the  meridian  altitude  the  fum,  if 
lefs  than  90  degrees,  is  the  complement  of  the 
latitude  north  : but  if  the  lum  exceeds  90  de- 
grees, the  latitude  is  fouth  •,  and  if  90  be  taken 
from  that  fum,  the  remainder  will  be  the  lati- 
tude. 


EXAMPLES. 


The  fun's  meridian  altitude 

65° 

10' 

South 

The  fun’s  declination,  add 

30 

South 

Complement  of  the  latitude 

80 

40 

Subtrafl  from  — 

90 

0 

Remains  the  latitude  — 

9 

20 

/ 

4 

North 

The  fun’s  meridian  altitude 

8o° 

40' 

South 

The  fun's  declination,  add 

20 

10 

South 

The  fum  is  — — 

100 

5° 

- 

From  which  fubtradl  , — 

90 

0 

Remains  the  latitude  — 

10 

5° 

South 

J.  If 
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3.  If  the  fun  has  north  declination,  and  is  on 
the  meridian  north  of  vour  place,  add  the  decli- 
nation to  the  north  meridian  altitude  ; the  fum, 
if  lefs  than  90  degrees,  is  the  complement  of 
the  latitude  fouth  : but  if  the  fum  is  more  than 
90  degrees,  fubtracl  90  from  it,  and  the  re- 
mainder is  the  latitude’ north. 

EXAMPLES. 


Sun’s  meridian  altitude 

6o° 

30’  North 

Sun’s  declination,  add 

20 

10  North 

Complement  of  the  latitude 

80 

40 

Subtract  from  *-*- 

9° 

0 

Remains  the  latitude  — 

9 

20  South 

Sun’s  meridian  altitude 

70° 

10  North 

Sun’s  declination,  add 

23 

20  North 

The  fum  is  - — 

93 

40 

From  which  fubtrad  — - 

90 

0 

Remains  the  latitude  -r- 

3 

40  North 

4.  If  the  fun  has  fouth  declination,  and  is  north 
of  your  place  at  noon,  fubtrad  the  declination 
from  the  north  meridian  altitude,  and  the  re- 
mainder is  the  complement  of  the  latitude 
fouth. 

. \ , ..  ' 


exam- 
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example, 

Sun’s  meridian  altitude 
Sun’s  declination,  fubtrad 


Complement  of  the  latitude 
Subtract  this  from  — 


52° 

30'  North 

20 

10  South 

32 

20 

9° 

0 

And  the  remainder  is  the  latitude  57  40  South 

5.  If  the  fun  has  no  declination,  and  is  fouth 
of  your  place  at  noon,  the  meridian  altitude- is 
the  complement  of  the  latitude  north : but  if 
the  lun  be  then  north  of  your  place,  his  meri- 
dian altitude  is  the  complement  of  the  latitude 
fouth. 


EXAMPLES. 


Sun’s  meridian  altitude 
Subrrad  from  — 

Remains  the  latitude 

i,' 

Sun’s  meridian  altitude 
Subtrad  from  — 


38°  3 o' South 
90  o 


51  30  North 

38°  30'  North 
90  o 


Remains  the  latitude  — - ,51  30  South 

6.  If  you  obferve  the  fun  beneath  the  pole, 
fubtrad  his  declination  from  90  degrees,  and 
add  the  remainder  to  his  altitude  ■,  and  the  Him 
is  the  latitude. 


EXAM- 


Rules  for  finding  the  Latitude. 


EXAMPLE.. 


Sun’s  declination  — 20°  30' 

Subtratt  from  — 90  o 


Remains  — 69  30!  ^ 

Sun’s  altitude  below  the  pole  10  20  j 

The  fum  is  the  latitude  79  50 

Which  is  north  or  fouth,  according  as  the  fun’s 
declination  is  north  or  fouth  : for  when  the  fun 
has  fouth  declination,  he  is  never  feen  below  the 
north  pole  •,  nor  is  he  ever  feen  below  the  fouth 
pole,  when  his  declination  is  north. 

7.  If  the  fun  be  in  the  zenith  at  noon,  and 
at  the  fame  time  has  no  declination,  you  are 
then  under  the  equinottial,  and  fo  have  no  lati- 
tude. 

8.  If  the  fun  be  in  the  zenith  at  noon,  and 
has  declination,  the  declination  is  equal  to  the 
latitude,  north  or  fouth.  Thefe  two  cafes  are  la 
plain,  that  they  require  no  examples. 


LECT.  XI. 

Of  Dialing. 

HAVING  fhewn  in  the  preceding  Lec- 
ture how  to  make  fun-dials  by  the  aililt- 
ance  of  a good  globe,  or  of  a dialing  f'cale,  we 
fhall  now  proceed  to  the  method  of  con  (I  rutting 
dials  arithmetically  ; which  wiU  be  more  agree- 
able to  thole  who  have  learnt  the  elements  of 

5 trigQr 
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trigonometry,  becaufe  globes  and  fcales  can 
never  be  fo  accurate  as  the  logarithms,  in  find- 
ing the  angular  diftances  of  the  hours.  Yet,  as 
a globe  may  be  found  exadt  enough  for  fome 
other  requifites  in  dialing,  we  (ball  take  it  in  oc- 
cafionally. 

The  conftrudlion  of  fun-dials  on  all  planes 
whatever,  may  be  included  in  one  general  rule : 
intelligible,  if  that  of  a horizontal  dial  for  any 
given  latitude  be  well  underftood.  For  there  is 
no  plane,  however  obliquely  fituated  with  re- 
fpedt  to  any  given  place,  but  what  is  parallel 
to  the  horizon  of  fome  other  place ; and  there- 
fore, if  we  can  find  that  other  place  by  a pro- 
blem on  the  terreftrial  globe,  or  by  a trigonome- 
trical calculation,  and  conftrudt  a horizontal  dial 
for  it ; that  dial,  applied  to  the  plane  where  it  is 
to  ferve,  will  be  a true  dial  for  that  place. — Thus, 
an  eredt  diredl  fouth  dial  in  514-  degrees  north 
latitude,  would  be  a horizontal  dial  on  the  fame 
meridian,  90  degrees  fouthward  of  514.  degrees 
north  latitude;  which  falls  in  with  384-  degrees 
of  fouth  latitude  ; but  if  the  upright  plane  de- 
clines from  facing  the  fouth  at  the  given  place, 
it  would  Hill  be  a horizontal  plane  90  degrees 
from  that  place ; but  for  a different  longitude : 
which  would  alter  the  reckoning  of  the  hours 
accordingly. 

CASE  I.  ' v 

1.  Let  us  fuppofe  that  an  upright  plane  at 
London  declines  36  degrees  weftward  from 
facing  the  louth  ; arid  that  ic  is  required  to  find 
a pbee  on  the  globe,  to  whofe  horizon  the  Laid 
plane  is  parallel;  and  alfo  the  difference  of  lon- 
gitude between  London  and  that  place. 

Rectify  • 
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the  globe  to  the  latitude  of  London^ 
and  bring  London  to  the  zenith  under  the  brafs 
meridian,  then  that  point  of  the  globe  which  lies 
in  the  horizon  at  the  given  degree  of  declination 
(counted  weftward  from  the  fourh  point  of  the 
horizon)  is  the  place  at  which  the  above-men- 
tioned plane  would  be  horizontal. — Now,  to  find 
the  latitude  and  longitude  of  that  place,  keep 
your  eye  upon  the  place,  and  turn  the  globe  eaft- 
ward,  untd  it  comes  under  the  graduated  edge 
of  rhe  brafs  meridian  ; then  the  degree  of  the 
brads  meridian  that  (lands  diredtly  over  the  place, 
is  its  latitude  ; and  the  number  of  degrees  in  the 
^quator,  which  are  intercepted  between  the  me- 
ridian of  London  and  the  brafs  meridian,  is  the 
place’s  difference  of  longitude. 

Thus,  as  the  latitude  of  London  is  514-  de-  • 
grees  north,  and  the  declination  of  the  place  is 
36  degrees  weft;  I elevate  the  north  pole  51  -i- 
degrees  above  the  horizon,  and  turn  the  globe 
until  London  comes  to  the  zenith,  or  under  the 
graduated  edge  of  the  meridian  ; then,  I count 
36  degrees  on  the  horizon  weftward  from  the 
fiouch  point,  and  make  a mark  on  that  place  of 
the  globe  over  which  the  reckoning  ends,  and 
bringing  the  mark  under  the  graduated  edge 
of  the  brafs  meridian,  I find  it  to  be  under  30J 
degrees  infouth  latitude:- keeping  it  there,  I count 
in  the  equator  the  number  of  degrees  between 
the  meridian  of  London  and  the  brafen  meridian 
(which  now  becomes  the  meridian  of  the  required 
plac<  ) and  rind  it  to  be  42L  Therefore  an  up- 
right plane  at  London,  declining  36  degrees 
weftward  from  the  fouch,  would  be  a horizontal 
plane  at  that  place;  whole  latitude  is  30^  degrees 
fouth  of  the  equator,  and  longitude  42^  degrees 
welt  o t the  meridian  of  London. 

9 Which  fj 
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Which  difference  of  longitude  being  converted 
into  time,  is  2 hours  51  minutes. 

The  vertical  dial  declining  weftward  36  de- 
grees at  London,  is  therefore  to  be  drawn  in  all 
refpe&s  as  a horizontal  dial  for  fouth  latitude 
30I  degrees;  fave  only,' that  the  reckoning  of 
the  hours  is  to  anticipate  the  reckoning  on  the 
horizontal  dial,  by  2 hours  51  minutes:  for  fo 
much  fooner  will  the  fun  come  to  the  meridian 
of  London,  than  to  the  meridian  of  any  place 
whofe  longitude  is  42 1 decrees  weft  from  Lon- 
don. 

2.  But  to  be  more  exadt  than  the  globe  will  Plate 
fhew  us,  we  ftiall  ufe  a little  trigonometry. 

Let  NE  SIV  be  the  horizon  of  London,  1 * 
whofe  zenith  is  Z,  and  P the  north  pole  of  the 
fphere ; and  let  Zb  be  the  pofition  of  a vertical 
plane  at  Z,  declining  weftward  from  S (the 
fouth)  by  an  angle  of  36  degrees ; on  which 
plane  an  eredt  dial  for  London  ar  Z is  to  be 
defcribed.  Make  the  femidiameter  Z D perpen- 
dicular to  Z b,  and  it  will  cut  the  horizon  in  D, 

36  degrees  weft  of  the  fouth  S.  Then,  a plane 
in  the  tangent  HD,  touching  the  fphere  in  D , 
will  be  parallel  to  the  plane  Z h ; and  the  axis  of 
the  fphere  will  be  equally  inclined  to  both  thefe 
planes. 

Let  W OjE  be  the  equinoctial,  whofe  eleva- 
tion above  the  horizon  of  Z (London)  is  384- 
degrees  ; and  P R D be  the  meridian  of  the 
place  D,  cutting  the  equinoctial  in  R,  Then, 
it  is  evident,  that  the  arc  R D is  the  latitude  or 
the  place  D (where  the  plane  Z h would  be  hori- 
zontal) and  the  arc  R is  the  difference  of  lon- 
gitude of  the  planes  Z b and  D H. 

In  the  fphcrical  triangle  JV D R , the  arc  fVD 
is  given,  for  it  is  the  complement  of  the  plane's 

decli- 
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declination  from  S the  fouth ; which  comple- 
ment is  540  (viz.  90° — 36°)  : the  angle  at  R , 
in  which  the  meridian  of  the  place  D cuts  the 
equator,  is  a right  angle ; and  the  angle  R WD 
meafures  the  elevation  of  the  equinoctial  above 
the  horizon  of  Z,  namely  38^  degrees.  Say 
therefore,  as  radius  is  to  the  co-fine  of  the 
plane’s  declination  from  the  fouth,  fo  is  the  co- 
fine  of  the  latitude  of  Z to  the  fine  of  R D the 
latitude  of  D : which  is  of  4 different  denomi- 
nation from  the  latitude  of  Z,  becaufe  Z and  D 
are  on  different  Tides  of  the  equator. 


As  radius  - - 10.00000 

To  co- fine  36°  o'—RQ  • 9.90796 

So  co-fine  51*30  — i^Z  9.79415 


To  fine  30°  14 ' — DR  (9.;02ii)rr 

tfie  latitude  of  D,  whofe  horizon  is  parallel  to 
the  vertical  plane  Z h at  Z. 


N.  B.  When  radius  is  made  the  firft  term,  it 
may  be  omitted,  and  then,  by  fubtrafting  it 
mentally  from  the  fum  of  the  other  two,  the 
operation  will  be  fhortened.  Thus,  in  the  pre- 
fent  cafe. 


To  the  logarithmic  fine  of  W R~  * 540  o'  9.90796 

Add  the  logarithmic  fine  of  R D~  f 38°  30'  9-79+15 

Their  fum — radius  - 9.7021 1 

gives  the  fame  lolution  as  above.  And  we  fhall 
keep  to  this  method  in  the  following  part  of  the 
work. 


* The  co-fine  of  36°  o',  or  of  R !$>. 
t The  co-fine  of  510  30',  or  0 iQJZ. 
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To  find  the  difference  of  lortgitude  of  the 
places  D and  Z , fay,  as  radius  is  to  die  co-fine 
of  3 84.  degrees,  the  height  of  the  equinodial  at 
Z,  fo  is  the  co-tangent  of  36  degrees,  the  plane’s 
declination  to  the  co-tangent  of  the  difference 
of  longitudes.  Thus, 

To  the  logarithmic  fine  of*  510  30'  9.89354 

Add  the  logarithmic  tang,  of  f 54°  o'  10.13874 

Their  fum— radius  - - - - 10.03228 

is  the  neareft  tangent  of  470  8'  zz  IV R ; which 
is  the  co- tangent  of  42®  52'  = R the  dif- 
ference of  longitude  fought.  Which  difference, 
being  reduced  to  time,  is  2 hours  514.  minutes. 

3.  And  thus  having  found  the  exad  latitude 
and  longitude  of  the  place  D}  to  whole  horizon 
the  vertical  plane  at  Z is  parallel,  we  fhall  pro- 
ceed to  the  conflrudion  of  a horizontal  dial  for 
the  place  D}  whofe  latitude  is  30°  14'  fouth  ; 
but  anticipating  the  time  at  D by  2 hours  51 
minutes  (negleding  the  4-  minute  in  pradice) 
becaufe  D is  fo  far  weflward  in  longitude  from 
the  meridian  of  London  ; and  this  will  be  a 
true  vertical  dial  at  London,  declining  weflward 
36  degrees.  1 

A flu  me  any  right  line  CS  L for  the  fubflile  of  pig. 
the  dial,  and  make  the  angle  K C P equal  to 
the  latitude  of  the  place  (viz.  30°  14')  to  whofe 
horizon  the  plane  of  the  dial  is  parallel  ■,  then 
C R 1 will  be  the  axis  of  the  flile,  or  edge  that 
calls  the  fliadow  on  the  hours  of  the  day^in  the 
dial.  1’his  done,  draw  the  contingent  line  E 9 
cutting  the  fubflilar  line  at  right  angles  in  K \ 

* The  co-fine  of  38°  30'.  or  of  JV D R. 
t t he  co-  tangent  of  36°,  or  of  D W. 
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and  from  K make  K R.  perpendicular  to  the  axis 
C R.  P.  Then  K G ( — K R)  being  made  radius, 
that  is,  equal  to  the  chord  of  6o°  or  tangent  of 
450  on  a good  fedtor,  take  420  52'  (the  differ- 
ence of  longitude  of  the  places  Z and  D ) f om 
the  tangents,1  and  having  let  it  from  K to  Af, 
draw  C M for  the  hour-line  of  XII.  Take  K N" 
equal  to  the  tangent  of  an  angle  lels  by  15  de- 
grees than  K M\  that  is,  the  tangent  270  52'; 
and  through  the  point  TVdraw  C iV  for  the  hour- 
line of  f.  The  tangent  of  i2°52'  (which  is 
15*  lefs  than  270  52')  fet  off  the  fame  way,  will 
give  a point  between  K and  N,  through  which 
the  hour-line  of  II  is  to  be  drawn.  The  tan- 
gent of  20  '6'  (the  difference  between  450  and 
42°  52')  placed  on  the  other  fide  of  C L,  will 
determine  the  point  through  which  the  hour-line 
of  111  is  to  be  drawn:  to  which  20  8',  if  the 
tangent  of  150  be  added,  it  will  make  170  8'; 
and  this  fet  olF  from  K toward  on  the  line 
E J^>  will  give  the  point  for  the  nour-linc  of 
IV  : and  fo  of  the  reft. — The  forenoon  hour- 
lines are  drawn  the  fame  way,  by  the  continual 
addition  of  the  tangents  150,  30°,  450,  <3 cc.  to 
420.,  52'  (“  the  tangent  of  K M)  for  the  hour* 
of  XI,  X,  IX,  &c.  as  far  as  neceftaryj  that  is, 
until  there  be  live  hours  on  each  ftde  of  the  lub- 
ftile.  The  fixth  hour,  accounted  from  that  hour 
or  pait  of  the  hour  on  which  the  (ubftile  falls, 
will  be  always  in  a line  perpendicular  to  the  fub- 
ftile,  and  drawn  through  the  center  C- 

4.  In  all  erect  dials,  C the  hour-line  of 
Xll,  is  perpendicular  to  the  horizon  of  the 
place  for  which  the  dial  is  to  ferve  : for  that 
line  is  the  interfeflion  of  a vertical  plane  with 
the  plane  of  the  meridian  of  the  place,  both  l| 
which  are  perpendicular  to  the  plane  of  the  I 

hoiizon : 
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horizon  : and  any  line  HO , or  h o>  perpendi- 
cular to  C M,  will  be  a horizontal  line  on  the 
plane  of  the  dial,  along  which  line  the  hours 
may  be  numbered  : and  C M being  fet  perpen- 
dicular to  the  horizon,  the  dial  will  have  its  true 
poficion. 

5.  If  the  plane  of  the  dial  had  declined  by  an 
equal  angle  toward  the  eaft,  its  defcription  would 
have  differed  only  in  this,  that  the  hour-line  of 
XII  would  have  fallen  on  the  other  fide  of  the 
fubftile  C L,  and  the  line  H O would  have  a 
fubcontrary  pofition  to  what  it  has  in  this 
figure. 

6.  And  thefe  two  dials,  with  the  upper  points 
of  their  ftiles  turned  toward  the  north  pole,  will 
ferve  for  the  other  two  planes  parallel  to  them ; 
the  one  declining  from  the  north  toward  the 
eaft,  and  the  other  from  the  north  toward  the 
weft,  by  the  fame  quantity  of  angle.  The  like 
holds  true  of  all  dials  in  general,  whatever  be 
their  declination  and  obliquity  of  their  planes  to 
the  horizon. 


CASE  II. 

7*  If  the  plane  of  the  dial  not  only  declines,  Fig.  3, 
but  alio  reclines , or  inclines.  Suppofe  its  declina- 
rion  from  fronting  the  fouth  S be  equal  to  the  arc 
6 D on  the  horizon;  and  its  redination  be 
equal  to  the  arc  D d of  the  vertical  circle  D Z : 

15  ‘s  P*a*n>  that  if  the  quadrant  of  altitude 
f d D>  on  the  globe,  cuts  the  point  D in  the 
horizon,  and  the  redination  is  counted  upon  the 
quadrant  from  D to  d->  the  interfedion  of  the 
hour-arde  P R d , with  the  cquinodial  W 9 E, 
will  determine  R dt  the  latitude  of  the  place  dt 

A a 2 whofe 
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whole  horizon  is  parallel  to  the  given  plane  Z h 
at  Z ; and  R will  be  the  difference  in  longi- 
tude of  the  planes  at  d and  Z. 

, T rigonometricallv  thus : let  a great  circle  pafs 
through  the  three  points  JV,  d,  E\  and  in  the 
triangle  W D d,  right-angled  at  D , the  Tides 
JV  D and  D d are  given;  and  thence  the  angle 
D IV  d is  found,  and  to  is  the  hypothenufe  JV  d , 
Again,  the  difference,  or  the  fum,  of  D JV  d 
and  D JV  R,  the  elevation  of  the  equinodlial 
above  the  horizon  of  Z,  gives  the  angle  d IV R ; 
and  the  hypothenufe  of  the  triangle  JV  R d was 
juft  now  found ; whence  the  Tides  R d and  JV  R 
are  found,  the  former  being  the  latitude  of  the 
place  d , and  the  latter  the  complement  of  R 
the  difference  of  longitude  fought. 

Thus,  if  the  latitude  of  the  place  Z be  520  10' 
north ; the  declination  S D of  the  plane  Z b 
(which  would  be  horizontal  at  d)  be  36%  and 
the  reclination  be  150,  or  equal  to  the  arc  D d -t 
the  fouth  latitude  of  the  place  d,  that  is,  the  arc 
R d , will  be  150  9';  and  R the  difference  of 
the  longitude,  36°  1'.  From  thefe  data,  there- 
fore, let  the  dial  (Fig.  4.3  be  delcribed,  as  in 
the  former  example. 

8.  Only  it  is  to  be  obferved,  that  in  the  re- 
clining or  inclining  dials,  the  horizontal  line  will 
not  ftand  at  right  angles  to  the  hour-line  of  XII, 

• as  in  eredf  dials ; but  its  pofition  may  be  found 
as  follows. 

Fig.  4.  To  the  common  fubftilar  line  C K L,  on 
which  the  dial  for  the  place  a was  defcribed, 
draw  the  dial  C r p m 12  for  the  place  D,  whole 
declination  is  the  fame  as  that  of  d , viz.  the  arc 
S D ; and  HO,  perpendicular,  to  C m,  the  hour- 
line  of  XII  on  this  dial,  will  be  a horizontal  line 
on  the  dial  C P R M XII.,  For  the  declination 

of 
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of  both  dials  being  the  fame,  the  horizontal  line 
remains  parallel  to  itfelf,  while  the  eredt  pofirion 
of  one  dial  is  reclined  or  inclined  with  refpedt  to 
the  pofition  of  the  other. 

Or,  the  pofition  of  the  dial  may  be  found  by 
applying  it  to  its  plane,  fo  as  to  mark  the  true 
hour  of  the  day  bv  the  fun,  as  fhewn  by  another 
dial  or  by  a clock,  regulated  by  a true  meridian 
line  and  equation  table. 

9.  There  are  feveral  other  things  requifite  in 
the  practice  of  dialing;  the  chief  of  which  l 
i fhall  give  in  the  form  of  arithmetical  rules, 
i fimple  and  ealy  to  thofe  who  have  learnt  the  ele- 
1 ments  of  trigonometry.  For  in  practical  arts  of 
I this  kind,  arithmetic  fhould  be  ufcd  as  far  as 
I it  can  go ; and  fcales  never  trufted  to,  except  in 
: the  final  conftrudtion,  where  they  are  abfolutely 
: necefifary  in  laying  down  the  calculated  hour- 
: diftances  on  the  plane  of  the  dial.  And  al- 
1 though  the  inimitable  artifts  of  this  metropolis 
1 have  no  occafion  for  fuch  inftrudtions,  yet  they 
I may  be  of  fome  ufe  to  lUidents,  and  to  private 
gentlemen,  who  amufc  themielves  this  way.  + 


, . . , ..  j * 7 

RULE  I. 


! 'to  find  the  angles  which  the  hour -lines  on  any  dial 
make  with  the  Jubfiiie. 

To  the  logarithmic  fine  of  the  given  latitude, 

| or  die  File’s  elevation  above  the- -plane  of  the 
dial,  add  the  logarithmic  tangent  of  the  hour 
i-diftance  * from  the  meridian,  or  from  the 


* That  is,  of  1 5,  30,  45,  60, 
II,  III,  IV , V,  in  the  afternoon  ; 
VII,  in  the  forenoon. 

A a 7 


75°,  for  the  Honrs  of  J, 
and  XI,  X,  IX,  VU1, 
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fubftile  # ; and  the  fum  minus  radius  will  be  the 
logarithmic  tangent  of  the  angle  fought. 

For,  in  Fig.  2.  K C is  to  K M in  the  ratio 
compounded  of  the  ratio  of  K C to  K G ( —K  R ) 
and  of  KG  to  K Mi  which  making  C K the 
radius,  io3oooooo,  or  io,cooo,  or  io  or  x, 
are  the  ratio  of  10,000000,  or  of  10,0000,  or 
of  1 o,  or  of  1 , to  K G x K M. 

Thus,  in  a horizontal  dial,  for  latitude  51* 
30",  to  find  the  angular  diftance  of  XI  in  the  fore- 
noon, or  I in  the  afternoon,  from  XII. 

To  the  logarithmic  fine  of  510  30'  9.S9354  f 
Add  the  logarithmic  tang,  of  15°  o'  9.42805 

The  fum — radius  is  - - 9.32159  = 

the  logarithmic  tangent  of  n°  50',  or  of  the 
angle  which  the  hour-line  of  XI  or  I makes 
with  the  hour  of  XII. 

And  by  computing  in  this  manner,  with  the 
fine  of  the  latitude,  and  the  tangents  of  30, 
♦5*  6o>  and  75*,  for  the  hours  of  II,  III,  IV, 
and  V in  the  afternoon;  or  of  X,  IX,  VIII, 
and  VII  in  the  forenoon ; you  will  find  their  an- 
gular diftances  from  XII  to  be  240  18',  38°  3% 
530  35',  and  71°  6':  which  are  all  that  there 
is  occafion  to  compute  for. And  thefe  dif- 

tances may  be  fct  off  from  XII  by  a line  of 
chords  } or  rather,  by  taking  ioco  from  a fcale 
of  equal  parts,  and  letting  that  extent  as  a ra- 
dius from  C to  XII  : and  then,  taking  209  of 

* In  all  horizontal  dial?,  and  ereft  north  or  fouth  dials, 
the  fubftile  and  meridian  are  the  fame  ; but  in  all  declining 
dials,  the  iubllile  line  makes  an  angle  with  the  meridian. 

f In  which  cafe,  the  radius  C K is  fuppoied  to  be  divided 
into  1000000  equal  parts 

the 
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the  fame  parts  (which,  in  the  tables,  are  the 
natural  tangent  of  t i°  5°)  an^  fee  ting  them 
from  XII  to  XI  and  to  I,  on  the  line  b ft,  which  Fig.  2. 
as  perpendicular  to  C XI!  : and  fo  for  the  reft 
of  the  hour-lines,  which  in  the  table  of  natural 
tangents,  againft  the  above  diftances,  are  45 T* 

782,  1355,  and  29:0,  of  fuch  equal  parts  from 
XII,  as  the  radius  C XII  contains  icoo.  And 
laftly,  fet  off  1257  (the  natural  tangent  of  51° 

30")  for  the  angle  of  the  ftile’s  height,  which  is 
equal  to  the  latitude  of  the  place. 

The  reafon  why  I prefer  the  ulc  of  the  tabular 
numbers,  and  of  a fcale  decimally  divided,  to 
thar  of  the  line  of  chords,  is  becaufe  there  is  the 
Icaft  chance  of  miftake  and  error  in  this  way  ; 
and  Jikewife,  becaufe  in  fome  cafes  it  gives  us 
-ihe  advantage  of  a nonius'  divifion. 

In  the  univerfal  ring-dial,  for  inftance,  the 
divifions  on  the  axis  are  the  tangents  of  the 
angles,  of  the  fun’s  declination  placed  on  either 
lide  of  the  center.  But  inftead  of  laying  them 
down  from  a line  of  tangents,  I would  make  a 
fcale  of  equal  parts,  whereof  1000  fhould  anfwer 
exa&ly  to  the  length  of  the  femi-axis,  from  the 
center  to  the  infide  of  the  equinoctial  ring;  and 
then  lay  down  434-of'thefc  parts  toward  each  end 
from  the  center,  which  would  limit  all  the  divi- 
fions on  the  axis,  btcauie  434  are  the  natural 
tangent  of  230  29b  And  thus  by  a nonius  affixed 
to  the  Aiding  piece,  and  taking  the  fun’s  declina- 
tion from  an  Ephemeris,  and  the  tangent  of  that 
declination  fiom  the  table  of  natural  tangents, 
the  Aider  might  be  always  fet  true  to  within  two 
minutes  of  a degree. 

And  this  Icale  of  434  equal  parts  might  be 
placed  right  againft  the  2j  | degrees  of  the  liin’s 
declination,  on  the  axis,  inlttad  of  the  fun’s 

A a 4 place. 
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place,  which  is  there  of  very  little  ufe.  For  then, 
the  Aider  might  be  fet  in  the  ufual  way,  to  the  day 
of  the  month,  for  common  ufe;  but  to  the  na- 
tural  tangent  of  the  declination,  when  great  ac- 
curacy  is  required. 

The  like  may  be  done  wherever  a fcale  of  fines 
or  tangents  is  required  on  any  inftrument. 


RULE  II, 

:The  latitude  of  the  place,  the  Jim's  declination,  and 
his  hour  diftance  from  the  meridian,  being  given ; 
to  find ■ ( i .)  his  altitude  ; ( 2. ) his  azimuth. 

4 T - - lit  \»  . i r>  , - j \ % /• 

1.  Let  d be  the  fun’s  place,  d R,  his  declina- 
tion : and  in  the  triangle  P Z d,  P d the  fum, 
or  the  difference,  of  d R,  and  the  quadrant  P R 
being  given  by  the  fuppofition,  as  alfo  the  com- 
plement of  the  latitude  P Z,  and  the  angle  d P Zt 
which  mealures  the  horary  diftance  of  d from  the 
meridian;  we  fball  (by  Cafe;  4,  of  Keill’a  Oblique 
fpheric  Trigonometry)  find  the  bafe  Z d,  which 
is  the  fun’s  diftance  from  the  zenith,  or  the  com- 
plement of  his  altitude. 

And  (2.)  As  fine  Z d : fine  P di:  fine  d P Z : 
d Z P,  or  of  its  fuppie.ment  D Z S,  the  azimuthal 
diftance  from  the  foufh. 

Or,  fhe  practical  rule  may  be  as  follows : 
Write  A for  the  fine  of  the  fun’s  altitude,  L 
and  l for  the  fine  and  co-fine  of  the  latitude,  D 
and  d for  the  fine  ^nd  co-fine  of  the  fun’s  decli- 
nation, and  //  for  the  fine  of  the  horary  diftance 
from  VI.  . ,J» 

Then  the  relation  of  H to  A will  have  three 
varieties. 

' 01  • , > r , u . v-  i >■  c < • 

j.  When 
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i.  When  rhe  declination  is  toward  the  ele- 
vated pole,  and  the  hour  of  the  day  is  between 
XII  and  VI  ; 'it  is  A — L D -j-  Hid,  and 
_ A — L D. 

. . TT~ 

i.  When  the  hour  is  after  VI.  it  is  A — L D 

r-Hld,  and  H -_.P  x A. 

id 

3.  When  the  declination  is  toward  the  de- 
preiTcd  pole,  we  have  A = Id l d — >L  D,  and 
A _A  x L D. 

. Id 

Which  theorems  will  be  found  ufeful,  and 
expeditious  enough  for  folving  thofe  problems 
in  geography  and  dialing,  which  depend  on  the 
relation  of  the  fun’s  altitude  to  the  hour  of  the 

day- . . 

.)-■  dl  ' t ' 1 '■ 

EXAMPLE  I. 

Suppofe  the  latitude  of  the  place  to  be  51  § 
degrees  north  the  time  five  hours  diftant  from 
XII,  that  is,  an  hour  after  VI  in  the  morning,  or 
before  VI  in  the  evening : and  .the  fun’s  declina- 
tion 20°  north.  Required  the  funs  altitude  ? 


Then,  to  log.  L — log.  fine  510  30'  1.89354* 

add  log,  D — log.  fine  2c0  o'  1.5340c 

\ Xlftir  linn  , . 1.4*759 

gives  LD  = logarithm  of  0.267664.  in  the 
nat-LK-trl  fines. 


Here  « e con  fide r the:  radius  as  unity,  and  not  10,00000, 
by  whieh,  in  Head  of  the  index  9,  we  have-!,  as  above; 
which  is  of  no  further  uie,  than  making  the  Work  a little 

And, 


364  * Of  Dialing. 

And,  to  log,  H = log.  fine  * 1 50  o'  1 .4  1 300 

a<Ll  1 loS*  Z-  = lo?‘  fine  t d8°  o'  1.79414 

3 log.  A = log.  fine  j 70°  o'  1.97300 

_ 

Their  fum  - - i.i  8014 

gives  Hid ==  logarithm  of  0.151408,  in  the 
natural  fines. 

And  thefe  two  numbers  (of  0.267664  and 
0.151408)  make  0.419072  ==  A\  which,  in 
the  table,  is  the  nearelt  natural  fign  of  240  47%, 
the  fun’s  altitude  fought. 

The  fame  hour-diftance  being  affumed  on  the 
other  fide  of  VI,  then  L D—H Id  is  o.i  162 5 6, 
the  fine  of  6°  40^- ; which  is  the  fun’s  altitude 
at  V in  the  morning,  or  Vil  in  the  evening, 
when  his  north  declination  is  20°. 

But  when  the  dedination  is  20°  fouth,  (or  to- 
ward the  depreffed  pole,)  the  difference  H l d^~* 
L D becomes  negative,  and  thereby  (hews  that, 
a hour  before  VI  in  the  morning,  or  part  VI  in, 
the  evening,  the  fun’s  center  is  6*  40'^  below 
the  horizon. 


EXAMPLE  IK 

. . * w ■>iT  \ ' • - * 

In  the  fame  latitude  and  north  declination, 
from  the  gmn  altitude  to  find  the  hour. 

Let  the  altitude  be  48°;  and  becaufc,  in  this 

cafe  H = and  A (the  natural  fine  of 

Id-  ■ 

48°)  = .743145,  and  AD  = .267664, 

* The  diflance  of  one  hour  from  VI. 
f The  co-laiitude  of  thr  place, 
j The  co-dccJination  of  the  fun. 

will 
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«*  ) ‘ " 
will  be  0.475481,  whole  logarithmic 

fine  is  1.6771331 

from  which  taking  the  logarithmic 

fine  of  / + =c  - - 1.7671354 


Remains  - - I*9°99977 

the  logarithmic  fine  of  the  hour-diftance  fought, 
viz.  of  54®  22'  j which,  reduced  to  time,  is 
3 hours  37 £ min.  that  is,  IX  h.  37 f min.  in 
the  forenoon,  or  II  h.  22 £ min.  in  the  after- 
noon. 

Put  the  altitude  = )8°,  whofe  natural  fine 
is  .3090170;  and  thence  A — LD  will  be 
= .0491953  ; which  divided  by  / -f-  d,  gives 
.0717179,  the  fine  of  40  6'f,  in  time  i6f  mi- 
nutes nearly,  before  VI  in  the  morning  or 
after  VI  in  the  evening,  when  the  fun’s  altitude 
is  180. 

-And,  if  the  declination  20°  had  been  toward 
the  fouth  pole,  the  fun  would  have  been  de- 
pt efied  180  below  the  horizon  at  i6|  minutes 
after  VI  in  the  evening;  at  which  time,  the 
twilight  would  end  ; which  happens  about  the 
22d  of  November,  and  19th  of  January,  in  the 
latitude  of  51®^  north.  The  fame  way  may  the 
end  of  twilight,  or  beginning  of  dawn/  be  found 
for  any  time  of  the  year. 

NOTE  1.  If  in  theorem  2 and  3 (page  363) 
d is  put  = o,  and  the  value  of  H is  computed, 
we  have  the  hour  of  fun-rifing  and  fettmg  for 
any  latitude,  and  time  of  the  year.  And  if  we 
put  H—  o,  and  compute  A , we  have  the  fun’s 
altitude  or  depreffion  at  the  hour  of  VI.  And 
lafiiy,  if  H}  A}  and  D are  given,  the  latitude 
may  be  found  by'  the  refolution  of  a quadratic 
equation;  for  / = 1/  1 — 


NOTE 
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NOTE  2.  When  A is  equal  o,  H is  equal 

T L x T D,  the  tangent  of  the  latitude 

la 


multiplied  by  the  tangent  of  the  declination. 

As,  if  it  was  required,  what  is  the  greatefi  length 
cf  day  in  latitude  51°  30'  ? 

To  the  log.  tangent  of  510  30'  0.0993948 

Add  the  log.  tangent  of  230  if  1 -6379563 


Their  fum  - - 1 .7373 5 1 1 is  ! 

the  log.  fine  of  the  hour-diftance  330  7';  in  i 
time  2 h.  i2f  m.  The  longeft:  day  therefore 
is  12  h.  -f-  4 h.  25  m.  = 16  h.  25  m.  And 
the  Ihorteft  day  is  12  h. — 4 h.  25  m.  = 7 h. 

35  m<  * 

And  if  the  longeft  day  is  given,  the  latitude 


6 f the  place  is  found  3-^  being  equal  to  T L. 

Thus,  if  the  longeft  day  is  134  hours  = 2x6  h< 
q-  45  m.  and  45  minutes  in  time  being  equal  to 
ji£  degrees. 

From  the  log,  fine  of  u°  15'  1.2902357 
Take  the  log.  tang,  of  230  29'  1.6379562 


Remains  - - 1.6522795 

rz  the  logarithmic  tangent  of  lar.  240  1 1'. 

And  the  fame  way,  the  latitudes,  where  the 
feveral  geographical  climates  and  parallels  begin, 
may  be  found  ; and  the  latitudes  of  places,  that 
are  alligned  in  authors  from  the  length  of  their 
days,  may  be  examined  and  corrected. 

NOTE  3.  The  lame  rule  for  finding  the 
longeft  d£y  in  a given  latitude,  diftinguifhes  the 
hour-lines  that  are  neceftary  to  be  drawn  on  any 
dial  from  thole  which  would  be  fuperftuous. 

In  lat.  520  10'  1 he  longeft  day  is  16  h.  32  m. 
ar.d  the  hour-lines  are  to  be  marked  from  44  m.’ 

after 
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after  III  in  the  morning,  to  1 6 m.  after  Vlll  in 
the  evening. 

In  the  fame  latitude,  let  the  dial  of  Art.  7. 
Fie.  4.  be  propofed  ; and  the  elevation  of  its 
ftile  (or  the  latitude  of  the  place  d,  whofe  hori- 
zon is  parallel  to  the  plane  of  the  dial,)  being 
1 50  9';  the  longeft  day  at  d,  that  is,  the  longed: 
time  that  the  fun  can  illuminate  the  plane  of  the 
dial,  will  (by  the  rule  H ==  T L x T D)  be 
twice  6 hours  27  minutes  — 12  h.  54  m.  The 
difference  of  longitude  of  the  planes  d and  Z 
was  found  in  the  fame  example  to  be  36°  2' ; 
in  time,  2 hours  24  minutes  ; and  the  declina- 
tion of  the  plane  was  from  the  fouth  toward  the 
weft.  Adding  therefore  2 h.  24  min.  to  5 h. 
33  m.  the  e^rlieft  fun-rifing  on  a horizontal  dial 
at  d , the  fum  7 h.  57  m.  (hews  that  the  morn- 
ing hours,  or  the  parallel  dial  at  Z,  ought  to 
begin  at  3 min.  before  VIII.  And  to  the  lateft 
fun-fetting  at  d,  which  is  6 h.  27  m.  adding  the 
fame  2 h.  24  m.  the  fum  8 h.  51  m.  exceeding 
6 h.  16  m.  the  lateft  fun-fetting  at  Z,  bv  35  m. 
fhews  that  none  of  the  afternoon  hour-lines  are 
fuperfluous.  And  the  4 h.  13  m.  from  III  h. 
44  m.  the  fun-rifing  at  Z to  VII  h.  57  m.  the 
fun-rifing  at  d,  belong  to  the  other  face  of  the 
dial ; that  is,  to  a dial  declining  36°  from  north 
to  eaft,  and  inclining  150. 


EXAMPLE  III. 

From  the  fame  data  to  find  the  fun’s  azimuth . 

If  H,  L,  and  D are  given,  then  (by  Art.  2. 
of  Rule  II.)  from  Hy  having  found  the  altitude 
and  its  complement  Z d -t  and  the  arc  P D (the 

4 diftance 
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diftance  from  the  pole)  being  given  ; fav*  As  the 
co-fine  of  the  altitude  is  to  the  fine  of  the  diftance 
from  the  pole,  fo  is  the  fine  of  the  hour-diftance 
from  the  meridian  to  the  fine  of  the  azimuth 
diftance  from  the  meridian. 

Let  the  latitude  be  510  30'  north,  the  decli- 
nation 1 50  9 fouth,  and  the  time  II  h.  24  m. 
in  the  afternoon,  when  the  furi  begins  to  illumi- 
nate a vertical  wall,  and  it  is  required  to  find  the 
poficion  of  the  wall. 

Then,  by  the  foregoing  theorems,  the  com- 
plement of  the  altitude  will  be  8i°  32'L  and 
P d the  diftance  from  the  pole  being  109°  5',  and. 
the  horary  diftance  from  the  meridian,  or  the 
angle  d P Z,  36°. 


To  log.  fine  74°  5 T 

1.98464 

Add  log.  fine  36°  0' 

1.76922 

And  from  the  fum 

1.75386 

Take  the  log.  fine  8 1°  32'f 

1.99525 

Remains 

1.75861  —log. 

fine  150,  the  azimuth  diftance  fouth. 

When  the  altitude  is  given, 

find  from  thence 

the  hour,  and  proceed  as  above* 

This  praxis  is  of  fingular  ufe  on  many  oc- 
cafions : in  finding  the  declination  of  vertical 
planes  more  exa&iy  than  in  the  common  way, 
cfpeciallv  if  the  tranfit  of  the  fun’s  center  is  ob- 
ferved  by  applying  a ruler  with  fights,  either 
plane  or  telelcopical,  to  the  wall  or  plane,  whofc 
declination  is  required. — In  drawing  a meridian- 
line, and  finding  the  magnetic  variation. — In 
finding  the  bearings  of  places  in  terreftrial  fur- 
veys ; the  tranfits  cf  the  fun  over  any  place,  or 
his  horizontal  diftance  from  it  being  obferved, 

together  with  the  altitude  and  hour. And 

thence 
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' thence  determining  fmall  difference'!  of  longi- 
tude.—In  oblerving  the  variation  at  fra,  &c. 

The  learned  Mr.  Andrew  Reid  invented  an 
inftrument  feveral  years  ago,  for  finding  the  la- 
titude at  fea  from  twa  altitudes  of  the  fun,  ob- 
ferved  oft  the  fame  day,  and  the  interval  of  the 
obfervations,  meafured  by  a common  watch. 
And  this  inftrumenr,  whofe  only  fault  was  that 
of  its  being  fomewhat  expenfive,  was  made  by 
Mr.  Jackfon.  Tables  have  been  lately  computed 
for  that  purpofe. 

But  we  may  often,  from  the  foregoing  rules, 
refolve  the  fame  problem  without  much  trouble; 
efpecially  if  we  fuppofe  the  mafler  of  the  fhip  to 
know  within  2 or  3 degrees  what  his  latitude  is. 
i Thus, 

Alfume  the  two  neared  probable  limits  of  the 

latitude,  and  by  the  theorem  H—  com- 

Id 

pute  the  hours  of  obfervation  for  both  fuppofi- 
tions.  If  one  interval  of  thofe  computed  hours 
coincides  with  the  interval  obferved,  the  quef- 
tion  is  folvcd.  If  not,  the  two  diftanecs  of  the 
intervals  computed,  from  the  true  interval,  will 
give  a proportional  part  to  be  added  to,  or  fub- 
tra&ed  from,  one  < f the  latitudes  affumed.  And 
if  more  exaftnefs  is  required,  the  operation  may 
be  repeated  with  the  latitude  already  found. 

But  whichever  way  the  qutftion  is  folvcd,  a 
proper  allowance  is  to  be  made  for  the  difference 
of  latitude  arifing  from  the  fhip’s  courle  in  the 
time  between  the  two  obftrvacions. 


Of 
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Of  the  double  horizontal  dial ; and  the  Babylonian 
and  Italian  dials. 

To  thfc  gnomonic  projection*  there  is  fometimes 
added  a Jiereographic  projection  of  the  hour- 
circles,  and  the  parallels  of  (he  fun’s  declination, 
on  the  fame^borizontal  plane  ; the  upright  fide  of 
the  gnomon  being  Hoped  into  an  edge,  (landing 
perpendicularly  over  the  center  of  the  projection: 
fo  that  the  dial,  being  in  its  due  pofnion,  the 
(hadow  of  that  perpendicular  edge  is  a vertical 
circle  paffing  through  the  fun,  in  the  (tereogra- 
phic  projection. 

The  months  being  duly  marked  on  the  dial, 
the  fun’s  declination,  and  the  length  of  the  day 
at  any  time,  are  had  by  infpeCtion  j as  alfo  his 
altitude,  by  means  of  a fcale  of  tangents.  But 
its  chief  property  i§,  that  it  may  be  placed  true, 
whenever  the  fun  (bines,  without  the  help  of  any 
Other  inftrumenr. 

Let  d be  the  fun’s  place  in  the  (lereographic 
projection,  x dy  z the  parallel  of  the  fun’s  decli- 
nation, Z d a vertical  circle  through  the  fun’s 
.center,  P d the  hour-circle  ; and  it  is  evident,  * 
that  the  diameter  NS  of  this  projection  being 
placed  duly  north  and  louth,  thefe  three  circles 
will  pafs  through  the  point  d.  And  therefore, 
to  give  the  dial  its  due  pofition,  we  have  only  to 
turn  its  gnomon  toward  the  fun,  on  a horizontal 
plane,  until  the  hour  on  the  common  gnomonic 
projection  coincides  with  that  marked  by  the 
hour-circle  P a,  which  pafifes  through  the  inter- 
feCtion  of  the  (hadow  Z d with  the  circle  of  the 
fun’s  prelent  declination. 

The  Babylonian  and  Italian  dials  reckon  the 
hours,  not  from  the  meridian,  as  with  us,  but  . 

from 
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from  the  fun’s  rifing  and  fetting.  Thus,  in  Italy , 
one  hour  before  fun-fet  is  reckoned  the  23d  hour, 
two  hours  before  fun-fet  the  2 2d  hour;  and  fo 
of  the  reft'.  And  the  fhadow  that  marks  them 
on  the  hour-lines,  is  that  of  the  point  of  a ftile. 
This  occafions  a perpetual  variation  between  their 
dials  and  clocks,  which  they  muft  corredt  from 
time  to  time,  before  it  arifes  to  any  fenfible  quan- 
tity, by  fetting  their  clocks  fo  much  fafter  or 
flower.  And  in  Italy  they  begin  their  day,  and 
regulate  their  clocks,  not  from  fun-fet,  but  from 
about  mid-twilight,  when  the  d've  Maria  is  {aid 5 
which  corrects  the  difference  that  would  other- 
wife  be  between  the  clock  and  the  dial. 

The  improvements  which  have  been  made  in 
all  forts  of  inftruments  and  machines  for  meafu- 
nng  time,  have  rendered  fuch  dials  of  little  ac- 
count. Yet,  as  the  theory  of  them  is  ingenious, 
and  they  are  really,  in  fome  refpedts,  the  belt 
contrived  of  any  for  vulgar  ufe,  a general  idea 
of  their  defeription  may  not  be  unacceptable. 

Let  Fig.  5.  reprefent  an  eredt  diredt  fouch  wail, 
on  which  a Babylonian  dial  is  to  be  drawn,  fhewin<* 
the  hours  from  fun-rifing;  the  latitude  of  the 
place,  whofe  horizon  is  parallel  to  the  wall,  being 
equal  to^he  angle  K CR.  Make,  as  for  a common 
dial  KG-KR  (which  is  perpendicular  to  CR)  the 
radius  of  the  equinodtial  jE  and  draw  RS 
perpendicular  to  CK  for  the  ftik  of  the  dial  • the 
fhadow  of  whofe  point  R is  to  mark  the  hours, 
when  6 R is  let  upright  on  the  plane  of  the  dial, 

1 hen  it  is  evident,  that  in  the  contingent  line 
JE  <?,  the  fpaces  K 1,  K 2,  K 3,  &c.  being 
token  equal  to  the  tangents  of  the  hour-diftanccs 
from  the  meridian,  to  the  radius  K G,  one,  two, 
thiee,  &c.  hours  after  fun-rifing,  on  the  caui- 
uodtial  day  ; the  fliacow  of  the  point  R win  be 

® k • found. 
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found,  at  thefe  times,  reflectively  in  the  points 
i,  2,  3,  &c. 

Draw,  for  the  like  hours  after  fun-riling,  when 
the  fun  is  in  the  tropic  of  Capricorn  v,  the 
like  common  lines  CD,  C E,  C F,  &c.  and  at 
thefe  hours  the  (hadow  of  the  point  R will  be 
found  in  chofc  lines  refpe&ively.  Find  the  fun’s 
altitudes  above  the  plane  of. the  dial  at  thefe 
hours,  and  with  their  co-tangents  S d,  S <?,  S /, 
&c.  to  radius  S R,  defcribe  arcs  interfering  the 
hour-lines  in  the  points  d , e,f>  &c.  fo  fhall  the 
right  lines  i d,  2 e,  j/,  &c.  be  the  lines  of  I,  II, 
III,  &c.  hours  after  lun-rifing. 

. The  conllrudtion  is  the  fame  in  every  other 
cafe,  due  regard  being  had  to  the  difference  of 
longitude  of  the  place  at  which  the  dial  would 
be  horizontal,  and  the  place  for  which  it  is  to 
ferve.  And  'like wife,  taking  care  to  draw  no  lines 
but  what  are  neceffary ; which  may  be  done  partly 
by  the  rules  already  given  for  determining  the 
time  that  the  lun  fhinrs  on  any  plane ; and  partly 
from  this,  that  on  the  tropical  days,  the  hyper- 
bola  defcnbed  by  the  ffiadow  of  the  point  R, 
limits  the  extent' of  all  the  hour  lines. 

The  mod  ufeful  however,  as  well  as  the 
fimpleft  of  fuch  dials,  is  that  which  is  defcribed 
on  the  two  fides  ot  a meridian  plane. 

That  the  Babylonian  and  Italic  hours  are  truly 
enough  marked  by  right  lines,  is  eafily  Ihewn. 
Mark  the  three  points. on  a globe,  where  the  ho- 
rizon cuts  the  equinodtial,  and  the  two  tropics, 
toward  the  eaft  or  welt : and  turn  the  globe  on 
its  axis  if,  or  i hour ; and  it  is  plain,  that  the 
three  points  which  were  in  a great  circle  (viz. 
the  horizon)  will  be  in  a great'circle  Hill  j which 
v. ill  be  projected  geometrically  into  a fbraigh t 
line.  But  thcle  three  points  aic  univerfally  the 
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fun*s  places,  one  hour  after  fun-fet  (or  one  hour 
before  fun-rife)  on  the  equinoctial  and  folftitial 
davs.  The  like  is  true  of  all  other  circles  of 
declination,  befide  the  tropics;  and  therefore, 
the  hours  on  fuch  dials  are  truly  marked  by 
ftraight  lines  limited  by  the  projections  of  the 
tropics;  and  which  are  rightly  drawn,  as  in  the 
foregoing  example. 

Note  i.  The  fame  dials  may  be  delineated 
without  the  hour-lines  CD,  C-M,  C F,  &c.  by 
fetting  off  the  fun’s  azimuths  on  the  plane  of  the 
dial,  from  the  center  S , on  either  fide  of  the  fub* 
ftile  C S K,  and  the  correfponding  co-tangents,of 
altitude  from  the  fame  center  S,  for  I,  II,  III, 
&c.  hours  before  or  after  the  fun  is  in  the  hori- 


zon of  the  place  for  which  the  dial  is  to  fefve,  on 
the  equino&ial  and  folftitial  days. 

2.  One  of  thefe  dials  has  its  name  from  the 
hours  being  reckoned  from  fun-rifing, ' the  be-- 
ginning  of  the  Babylonian  day.  But  we  are  not 
thence  to  imagine  that  the  equal  hours,  which  it 
Ihev/s,  were  thofe  in  which  the  aftronomers  of 
that  country  marked  their  obfcrvations.  Thefe, 

1 we  know  with  certainty,  were  unequal,  like  the 
i Jewi/h , as  being  twelfth  parts  of  the  natural  day: 
and  an  hour  of  the  night  was,  in  like  manner,  a 
twelfth  part  of  the  night;  longer  or  fhorter,  ac- 
cording to  the  feaion  of  the  year.  So  that  an 
hour  of  the  day,  and  an  hour  of  the  night,  at  the 
fame  place,  would  always  make  T*T  of  24,  or  2 
equino&ial  hours.  In  Palejiine , among  the 
Romans,  and  in  feveral  other  countries,  3 of  thefe 
unequal  nodurnal  hours  were  a vigilia  or  watch. 
Ana  the  reduction  of  equal  and  unequal  hours 
into  one  another,  is  extremely  eafv.  if,  for  in- 
ftance,  it  is  found,  by  a foregoing  rule,  that  in  a 
Certain  latitude,  at  a given  time  of  the  year,  the 
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length  of  a day  is  14  equinoctial  hours,  the  un- 
equal hour  is  then  44  or  i of  an  hour,  that  is,  ' 
70  minutes  ; and  the  nodturnal  hour  is  50  mi- 
nutes. The  firft  watch  begins  at  VII  (fun-fet); 
the  fecond  at  three  times  50  minutes  after  ; viz. 
IX  h.  30  m.  the  third  always  at  midnight  j the 
morning  watch  at  f hour  paft  II. 

If  it  were  required  to  draw  a dial  for  Ihewing 
thefe  unequal  hours,  or  1 2th  parts  of  the  day, 
we  muft  take  asfiirany  declinations  of  the  fun  as 
are  thought  necefiary,  from  the  equator  toward 
each  tropic  : and  having  computed  the  fun’s 
altitude  and  azimuth  for  ti>  parts,  &c. 
of  each  of  the  diurnal  arcs  belonging  to  the  de- 
clinations afifumed  : by  thefe,  the  feveral  points 
in  the  circles  of  declination,  where  the  lhadow 
of  the  ftilc’s  point  falls,  are  determined  : and 
curve  lines  drawn  through  the  points  of  a 
homologous  divifion  will  be  the  hour-lines  re- 
quired. 

Of  the  right  flaring  of  dials,  and  hatsing  a true 
meridian  line  for  the  regulating  of  clocks  and 
watches. 

The  plane  on  which  the  dial  is  to  reft  being 
duly  prepared,  and  every  thing  necefiary  for 
fixing  it,  you  may  find  the  hour  tolerably  exaCI 
by  a large  cquinoCtial  ring-dial,  and  fet  your 
watch  to  it.  And  then  the  dial  may  be  fixed  by 
the  watch  at  your  leifure. 

If  you  would  be  more  exadl,  take  the  fun’s 
altitude  by  a good  quadrant,  noting  the  precifc 
time  of  obfervation  by  a clock  or  watch.  Then, 
compute  the  time  for  the  altitude  obferved  (by 
the  rule,  page  364)  and  fet  the  watch  to  agree 
, with  that  time,  according  to  the  fun.  A Hadley' % 
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quadrant  is  very  convenient  for  this  purpofe; 
for,  by  it  you  may  take  the,  angle  between  the 
fun  and  his  image,  reflected  from  a bafon  of 
water:  the  half  of  which  angle,  fubt rafting  the 
refraftion,  is  the  altitude  required.  This  is 
belt  done  in  fummer,  and  the  nearer  the  fun  is 
to  the  prime  vertical  (the  ealt  or  weft  azimuth) 
when  the  obfervation  is  made,  fo  much  the 
better. 

Or,  in  fummer,  take  two  equal  altitudes  of 
the  fun  in  the  fame  day;  one  any  time  between 
7 and  io  in  the  morning,  the  other  between  2 
and  5 in  the  afternoon;  noting  the  moments  of 
thefe  two  obfervations  by  a clock  or  watch  : and 
if  the  watch  fhews  the  obfervations  to  be  at 
equal  diftances  from  noon,  it  agrees  exaftly 
with  the  fun ; if  not,  the  watch  muft  be  cor- 
' refted  by  half  the  difference  of  the  forenoon  and 
1 afternoon  intervals;  and  then  the  dial  may  be 
I fet  true  by  the  watch. 

Thus,  for  example,  fuppofe  you  have  taken 
: the  fun’s  altitude  when  it  was  20  minutes  paft 
VIII  in  the  morning  by  the  watch;  and  found, 

I by  obierving  in  the  afternoon,  that  the  fun  had 
the  fame  altitude  10  minutes  before  IV ; then 
i it  is  plain,  that  the  watch  was  5 minutes  too  faft 
for  the  fun:  for  5 minutes  after  XII  is  the  mid- 
I die  time  between  Vi II  h.  20  m.  in  the  morn- 
' ing,  a°d  III  h.  50  m.  in  the  afternoon;  and 
I therefore,  10  make  the  watch  agree  with  the  fun, 
i it  muft  be  fet  back  five  minutes. 

A good  meridian  line , for  regulating  clocks  A meri. 
or  watches,  may  be  had  by  the  following  me-  dian  line , 
thod. 

Make  a round  hole,  almoft  a quarter  of  an 
inch  diameter , in  a thin  plate  of  metal ; and  fix 
the  plate  in  die  top  of  a lbuth  window,  in  fuch  a 
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manner,  that  it  may  recline  from  the  zenith  at 
an  angle  equal  to  the  co-lar itude  of  your  place, 
as  nearly  as  you  can  guefsj  for  then,  the  plate 
will  face  the  fun  direftly  at  noon  on  the  equi- 
noctial days.  Let  the  fun  thine  freely  through 
the  hole  into  the  ro  >m  ; and  hang  a plumb-line 
to  the  ceiling  of  the  room  ; at  lead  five  or  fix 
feet  from  the  window,  in  fuch  a place  as  -that  the  1 
fun’s  rays,  tranfmitted  through  the  hole,  may 
fall  upon  the  line  when  it  is  noon  by  the  clock  i ' 
and  having  marked  the  faid  place  on  the  ceiling, 
take  away  the  liner 

Having  adjufted  a Aiding  bar  to  a dove-taii 
groove,  in  a piece  of  wood  about  itf  inches  long, 
and  fixed  a hook  into  the  middle  of  the  bar,  nail 
the  wood  to  the  above- mentioned  place  on  the 
ceiling,  parallel  to  the  fide  of  tlie  room  in  which 
the  window  is : the  groove  and  bar  being  to- 
ward the  floor.  Then,  hang  the  plumb-line 
upon  the  hook  in  the  bar,  the  weight. or  plum- 
met reaching  almofi  to  the  floor;  and  tne  whole 
will  be  prepared  for  farther  and  proper  adjuft-, 
ment. 

This  done,  find  the  true  folar  time  by  either 
of  the  two  la  ft  methods,  and  thereby  regulate 
your  clock.  Then,  at  the  moment  of  next  noon 
by  the  clock,  when  the  kin  fhmes,  move  the 
Aiding  bar  in  the  groove  until  the  fhadow  of  the 
plumb-line  bi lefts  the  image  of  the  iun  (made  ; 
by  his  rays  tranfmitted  through  the  hole)  on  the 
floor,  .wail,  or  on  a white  icrecn  placed  on  the 
north  fide  of  the  line;  the  plummet  or  weight 
at  the  end  of  the  line,  hanging  freely  in  a pail  of 
water  placed  below  it  or  the  floor. — But  becaufe 
this  may  not  be  quite  correft  for  the  firft  time, 
on  account  that  the  plummet  will  not  fettle  im- 
mediately, even  in  water;  it  may  be  farther  cor- 
rected 


‘The  Calculation  of  mean  New  and  Full  Moons . 

refted  on  the  following  days,  by  the  above  me- 
thod, with  the  fun  and  clock ; and  fo  brought  to 
a very°great  exactnefs. 

N.  B.  The  rays  transmitted  through  the  hole, 
will  call:  but  a faint  image  of  the  fun,  even  on  a 
white  fcreen,  unlefs  the  room  be  fo  darkened 
that  no  funfhine  may  be  allowed  to  enter,  but 
what  comes  through  the  Small  hole  in  the  plate. 
And  always,  for  Some  time  before  the  observa- 
tion is  made,  the  plummet  ought  to  be  immerfed 
in  ajar  of  water,  where  it  may  hang  freely  j by 
which  means  the  line  will  Soon  become  fteady, 
which  otherwile  would  be  apt  to  continue 
Swinging. 

As  this  meridian  line  will  not  only  be  Suffi- 
cient for  regulating  of  clocks  and  watches  to  the 
true  time  by  equation  tables,  but  alfo  for  mold 
aftronomical  purpofes,  I Shall  fay  nothing  of  the 
magnificent  and  expenfive  meridian  lines  at 
Bologne  and  Rome , nor  of  the  better  methods  by 
which  aftronomers  oblerve  precifely  the  tranfrts 
of  the- heavenly  bodies  on  the  meridian. 


LECT.  XII. 

' ~ 

Shewing  how  to  calculate  the  mean  time  of  any  New 
or  Full  Moon , or  Eclipfe , from  the  creation  of 
iloe  world  to  the  year  of  Chrift  5 boo. 

IN  the  following  tables,  the  mean  lunation  is 
about  a 20th  part  of  a Second  of  time  longer 
than  its  meafure  as  now  printed  in  the  Jail 
edition  of  my  altronomy ; which  makes  the  dif- 
ference of  an  hofir  and  30  minutes  in  8000  years. 
•—But  this  is  not-  material,  when  only  the  mean 
times  are  required. 
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PRECEPTS. 

Fo  find  the  mean  time  of  any  New  or  Full  Moon  in 
any  given  year  and  month  after  the  Chrifiian 
JEra. 

1.  If  the  given  year  be  found  in  the  third 
column  of  the  F able  of  the  moon  s mean  motion  from  • 
the  fun,  under  the  title,  Tears  before  and  after 
CHRIST  ; write  out  that  year,  with  the  mean 
motions  belonging  to  it,  and  thereto  join  the 
given  month  with  its  mean  motions.  But,  if 
the  given  year  be  not  in  the  table,  take  out  the 
next  lefier  one  to  it  that  you  find,  in  the  fame 
column;  and  thereto  add  as  many  complete  years, 
as  will  make  up  the  given  year  : then,  join  the 
given  month,  and  all  the  refpedive  mean  mo-, 
tions. 

2.  Colled  thefe  mean  motions  into  one  fum  of 
figns,  degrees,  minutes,  and  feconds ; remem- 
bering that  60  feconds  (")  make  a minute,  60 
minutes  (')  a degree  ; 30  degrees  (°)  a fign,  and 
11  figns  (3 4)  a circle.  When  the  figns  exceed 
12,  or  24,  or  36  (which  are  whole  circles)  rejed 
them,  and  fet  down  only  the  remainder ; which, 
together  with  the  odd  degrees,  minutes,  and 
feconds  already  fet  down,  muft  be  reckoned  the 
whole  fum  of  the  colledion, 

3.  Subtrad  the  refult,  or  fum  of  this  collec- 
tion, from  11  figns;  and  write  down  the  remain- 
der. Then,  look  in  the  table,  under  Days,  for 
the  next  lefs  mean  motions  to  this  remainder, 
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and  fubtra.d  them  from  it,  writing  down  their 
remainder. 

This  done,  look  in  the  table  under  hours 
(marked  H.)  for  the  next, lefs  mean  motions  to 
this  laft  remainder,  and  fubtradt  them  from  it* 
writing  down  their  remainder. 

Then,  look  in  the  table  under  minutes  (mark- 
ed M.)  for  the  next  lefs  mean  motions  to  this 
remainder,  and  fubtradt  them  from  it,  writing 
down  their  remainder. 

Laftly,  look  in  the.table  under  feconds  ( mark- 
ed S.)  for  the  next  lefs  mean  motions  to  this 
remainder,  either  greater  or  lefs ; and  againft  it 
you  have  the  feconds  anfwering  thereto. 

4.  And  thefe  times  colledted,  will  give  the 
mean  time  of  the  required  new  moon ; which  will 
be  right  in  common  years ; and  alfo  in  January 
and  February  in  leap  years;  but  always  one  day 
too  late  in  leap  years  after  February. 
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Fhe  Calculation  of  mean  New  and  Full  Moons. 
EXAMPLE  I. 

Required  the  time  of  new  moon  in  September , 1764? 
(a  year  not  inferred  in  the  tabic) 

Moon  from  fun* 

To  the  year  after  Chrift’ s * 

birth  - 1753  10  9 24  56 

Add  complete  years  11  o 10  14  20 


(fum  1764) 

And  join  September  - 2 22  21  8 

The  fum  of  thefe  mean  motions  is  1 12  o 24 

Which,  being  fubt.  from  a circle, 

nr  - - - 12000 


Leaves  remaining  - 10  17  59  36 

Next  lefs  mean  mot.  for  2 6 days, 

fubt.  - - - 10  16  57  34 

And  there  remains  - - 12  2 

Next  lefs  mean  mot.  for  2 hours, 

fubt.  - - - - 1 0 57 


And  the  remainder  will  be  - 1 5 

Next  lefs  mean  mot.  for  2 min. 

fubt.  - " 11 


Remains  the  mean  paot,  of  1 2 lee.  4 

Thefe  times,  being  colle&ed,  would  (hew  the 
mean  time  of  the  required  new  moon  in  Sep- 
tember 1764,  to  be  on  the  26th  day,  at  2 hours 
2 min.  12  fee.  paft  noon.  But,  as  it  is  in  a leap.* 
year,  and  after  February,  the  time  is  one  day  too 
late.  So,  the  true  mean  time  is  September  the 
25th,  at  2 m.  12  fee.  paft  II  in  the  afternoon.^ 
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N.  B.  The  tables  always  begin  the  day  at 
noon,  and  reckon  thenceforward,  to  the  noon  of 
the  day  following. 

CT 0 find  the  mean  time  of  full  moon  in  any  given  year 

and  month  after  the  Chriftian  Mr  a. 

« 

Having  colleded  the  moon’s  mean  motion 
from  the  fun  for  the  beginning  of  the  given 
year  and  month,  and  fubtraded  their  fum  from 
1 2 figns  (as  in  the  former  example)  add  6 flgns 
to  the  remainder,  and  then  proeeed  in  all  re- 
fpeds  as  above. 

EXAMPLE  II. 

Required  the  ynean  time  of  full  moon  in  September 

*764  • 

Moon  from  fun. 

To  the  year  aftet  Chrifl'%  * 0 ' " 

birth  - 1753  10  9 24  56 

Add  complete  years  n o 10  14  2,0 

p . 

(fum  1764) 

And  join  September  - 22m  8 

The  fum  of  thefe  mean  motions 
is  - - - 1 12  o 24 

Which,  being  fubtraded  from  a 

circle,  or  - 12000  \ 

% 

Leaves  remaining  - jo  17  59  f 

To  which  remainder  add  6 o 0 0 

And  the  fum  will  be  , 4 17  59  36 

, Brought 
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Moon  from  fun. 

9 

O / // 

Brought  over 

Next  lefs  mean  mot.  for  1 r 

4 

*7  59  36 

days,  fubt. 

4 

J4  5 54 

And  there  remains 

Next  Ids  mean  mot.  for  7 

3 53  42 

hours,  fubt. 

■■ 

3 33  20 

And  the  remainder  will  be 
Next  lefs  mean  mot.  for  40 

• 

20  22 

minutes,  fubt. 

20  19 

Remains  the  mean  mot.  for  8 

feconds  - -r 

- 

' 3 

So,  the  mean  time,  according  to  the  tables, 
is  the  x 1 ch  of  September,. at  7 hours  40  minutes 
8 feconds  paft  noon.  One  day  too  late,  being 
after  February  in  a leap  year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found,  in  any  year  after  the  Chriftian 
TEra.  • ' 

To  find  the  mean  time  of  new  or  full  moon  in  any 
given  year  and  month  before  the  Chriftian  /Era. 

If  the  given  year  before  the  year  of  CHRIST 
1 be  found  in  the  third  column  of  the  table,  under 
the  title  Tears  before  and  after  CHRIST,  write  it 
out,  together  wiih  the  given  month,  and  join  the 
mean  motions.  But,  it  the  given  year  be  not  m 
the  table,  take  out  the  next  greater  one  to  it  that 
you  find  ; which  being  ftill  farther  back  than  the 
given  year,  add  as  many  complete  years  to  it  as 
will  bring  the  time  forward  to  the  given  year  \ 
then  join  the  month,  and  proceed  in  all  relpe&s 
as  above. 

EXAM- 
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EXAMPLE  III. 

Required  the  mean  time  of  new  moon  in  May>  the 
year  before  Chriji  58  5 ? 

» 

The  next  greater  year  in  the  table  is  6oo » 
which  being  15  years  before  the  given  year, 
add  the  mean  motions  for  1 5 years  to  thofe  of 
600,  together  with  thofe  for  the  beginning  of 
May. 

Moon  from  fun. 

s o ’ " 

To  the  year  before  Chriji  600  5 11  6 16 

Add  complete  years  motion  15  6 o 55  24 

And  the  mean  motions  for  May  o 22  53  23 

The  whole  fum  is  - - 0 4 55  3 

Which,  being  fubt.  from  a circle, 

or  r - - 12000 


Leaves  remaining  - 11  25  4 57 

Next  lefs  mean  mot.  for  29  days,  , 

fubt.  - - ii  23  31  54 


And  there  remains 
Next  lefs  mean  mot.  for  3 hours 
fubt. 

And  the  remainder  will  be 
,Ncxt  lefs  mean  mot.  for  3 min. 
fubt. 


Rem.  the  mean  mot.  of  14  fe- 
conds 


1 33  3 
1 31  26 

1 37 
1 31 


6 


So, 


3 §4  77^  Calculation  of  Eclipfes. 

So,  the  mean  time  by  the  tables,  was  the 
29th  of  May  at  3 hours  3 min.  14  fee.  part 
noon.  A day  later  than  the  truth,  on  account 
of  its  being  in  a leap  year.  For  as  the  year  of 
CHRIST  1 was  the  firft  after  a le*p  year, 
the  year  585  before  the  year  1 was  a leap  year  of 
courfe. 

If  the  given  year  be  after  the  Chriftian  ./Era, 
divide  its  date  by  4,  and  if  nothing  remains,  it 
is  a leap  year  in  the  old  ftyle.  But  if  the  given 
year  was  before  the  Chriftian  jEra  (or  Year  of 
CHRIST  1)  fubtradl  one  from  its  date,  and 
divide  the  remainder  by  4 ; then,  if  nothing  re- 
mains, it  was  a leap  year  -}  otherwife  not. 


<f0  find  whether  the fun  is  eclipfed  at  the  time  of  any 
given  change , or  the  moon  at  any  given  full. 


Ol  eclipfes.  From  the  Table  of  the  fun's  mean  motion  (or 

diftance)  from  the  moon's  afeending  node , coliett 
the  mean  motions  anfwering  to  the  given  time  ; 
and  if  the  refult  Ihews  the  fun  to  be  within  18 
decrees  of  either  of  the  nodes  at  the  time  of  new 
moon,  the  fun  will  be  eclipfed  at  that  time.  Or, 
if  the  relult  Ihews  the  fun  to  be  within  12  degrees 
of  either  of  the  nodes  at  the  time  of  full  moon, 
the  moon  will  be  eclipfed  at  that  time,  in  or  near 
the  contraryytode  ■,  otherwife  not* 


> F 
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EXAMPLE  IV. 


i 

'The  moon  changed  on  the  16  th  of  September  1764, 
at  2 h.  2 m.  ( neglecting  the  feconds ) after  noon . 
(See  Example  I.)  §hi.  Whether  the  fun  was 
eclipfed  at  that  time  ? 


To  the  year  after  Chrifl' s 
birth  - 1753 

Add  complete  years  1 1 


And 


(fum  1764) 
September 
26  days 

2 hours  - 

2 minutes 


Sun  from  ncfde. 

« o ' " 

i 28  o 19 
7 2 3 56 


8 12  22  491 
27  o 13 
5 12 
S 


Sun’s  diftance  from  the  afeending 
node  - - 6 9 32  34 


Now,  as  the  defending  node  is  juft  oppofite 
to  the  afeending  ( viz.  6 figns  diftant  from  it)  and 
the  tables  fhew  only  how  far  the  fun  has  gone 
from  the  afeending  node,  which,  by  this  exam- 
ple, appears  to  be  6 figns  9 degrees  32  minutes 
34  feconds,  it  is  plain  that  he  muft  have  then 
been  eclipied  ; as  he  was  then  only  90  32'  gf* 
fhort  of  the  defeending  node. 
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EXAMPLE  V. 

The  moon  was  full  on  the  i \th  of  September,  1 764, 
at  7 h.  40  min.paft  noon.'  (See  Example  II.) 
[fu,  Whether  fhe  was  eclipfed  at  that  time  ? 

Sun  from  node. 

so  ' " 

I 2.3  o 19 
7 2 3 56 


To  the  year  after  Chrifl’s 
birth  - 1753 

Add  complete  years  1 1 


(fum  1764) 
^-September  - 
1 11  days 

Andj  7 hours  - 

v.  40  minutes 

Sun’s  diftance  from  the  amend- 
ing node 


8 12  22  49 
11  25  29 
1 8 1 1 
1 44 

5.  24  12  28 


1 • . . 

Which  being  fubtrafted  from  6 figns,  leaves 
only  50  47'  3 2"  remaining;  and  this  being  all 
the  fpace  that  the  fun  was  Ihort  of  the  defend- 
ing node,  it  is  plain  that  the  moon  muft  then 
ha°ve  been  eclipfed,  becaufe  Ike  was  juft  as  near 
the  contrary  node. 


EXAM- 


• \ , 
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EXAMPLE  VI. 

Whether  the  fun  was  e clip  fed  in  May,  the  year 
before  CHRIST  5.85?  (See  Example  III.) 

Sun  from  node, 
so'" 

To  the  year  before  Chrifi  600  -9  9 23 

Add  the  mean  morion  of  15 

complete  years  - 9 19  27  49 

rMay  - - 4 4 37  57 

Add  < 29days  - - 1 o 7 10 

£ 3 hours  - - 7 48 


3 minutes  (negleding 
the  feconds) 


! Sun’s  diftance  from  the  afcend-/ 


8 


ing  node 


0 3 44  43 


VvTnch  being  lefs  than  18  degrees,  (hews  that 
the  fun  was  eclipfed  at  that  time. 

This  eclipfe  was  foretold  by  Thales,  and  is  Thales’* 
thought  to  be  the  eclipfe  which  put  an  end  to  the  eclipfe 
war  between  the  Medes  and  Lvdians. 

The  times  of  the  fun’s  conjunction  with  the  When 
nodes,  and  confequently  the  eclipfe  months  of  any  tdipfis 
given  year,  are  eafily  found  by  the  Table  of  the  mi‘P  haP‘ 
funs  mean  motion  from  the  moon's  afeendin z node -pen' 
and  much  in  the  fame  way  as  the  mean  con- 

l'  kfl,0?Suf  r K fun  and  moon  are  hound  by  the 
Uble  of  the  moon’s  mean  motion  from  the  fun. 

for,  colled  the  fun’s  mean  motion  from  the 
LmC  r'C  ’s  hame  as  his  diftance  gone 
, t0r[  .ther  banning  of  any  given  year, 
andfuberad  it  from  12  figns*  then"  from  the 

C c remainder. 


To  find  when  there  mufi  he  Eclipfes. 

remainder,  fubtrad  the  next  lefs  mean  motions 
belonging  to  whatever  month  you  find  them  in 
the  table  and  from  their  remainder  fubtrad  the 
next  lefs  mean  motion  for  days>  and  fo  on  for 
hours  and  minutes ; the  refult  of  all  which  will 
fhew  the  time  of  the  fun’s  mean  conjundion  with 
the  ajcending  node  of  the  moon’s  orbic. 

' * 

EXAMPLE  VII. 

Required  the  time  of  the  fun's  conjunction  with  the  ‘ 
ajcending  node  in  the  year  1764  ? 

f i * 

Sun  from  node.|l 


To  the  year  after  Chrifi’s 

s 0 

" >!  1 

birth  - 1753 

I 28 

O 19 

Add  complete  years  - 1 1 

7 ^ 

3 5 Si 

■ ■ • 



Meandift.  at  beg.  ofA.D.1764 

9 0 

4 15  ■; 

Subtrad  this  diftance  from  a 

circle,  or 

12  0 

0 0 ; 

1 

And  there  remains 

2 29 

55  45 

Next  lefs  mean  motion  for 

March,  fubtrad 

2 1 

16  39] 

1 

And  the  remainder  will  be 

28 

39  6 

Next  lefs  mean  motion  for  27 

days,  fubtrad 

28 

2 3a 

And  there  remains 

36  34 

Next  lefs  mean  motion  for  14 

hours,  fubtraded 

36  21 

Kemains  (nearly)  the  mean  mo- 

tion  of  5 minutes 

13 



- 

Hence 
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Hence  it  appears,  that  the  fun  will  pafs  by 
the  moon’s  afcendingnode  on  the  27th  of  March, 
at  14  hours  5 minutes  paft  noon;  viz.  on  the 
28th  day,  at  5 minutes  paft  II  in  the  morning, 
according  to  the  tables ; but  this  being  in  a 
leap  year,  and  after  February,  the  time  is  one 
day  too  late.  Confequently,  the  true  time  is  at 
5 min.  paft  II  in  the  morning  on  the  27th  day  ; 
at  which  time,  the  defeending  node  will  be  di- 
rectly oppofite  to  the  fun. 

If  6 figns  be  added  to  the  remainder  arifing 
from  the  firft  fubtra&ion  (viz.  from  1 1 figns) 
and  then  the.  work  carried  on  as  in  the  laft 
example,  the  refult  will  give  the  mean  time  of 
the  fun’s  conjuaCtion  with  the  defeending  node. 
Thus,  in 


EXAMPLE  VIII. 

To  find  when  the  fun  will  he  in  conjunction  with  the 
defeending  node  in  the  year  17*64  ? 

Sun  from  node. 

To  the  year  after  Chrifi*  s so  ' " 

. I,  birth  , ‘ 17 S3  1 28  o 19 

Add  complete  years  11  7 2 2 c6 


M.  d.  fr.  afc.  n.  at  beg.  of  1 764 
Subtract  this  diftance  from  a 

9 

0 

4 

J5 

circle,  or 

12 

0 

0 

0 

And  the  remainder  will  be 

2 

29 

0 

55 

0 

45 

0 

To  which  add  half  a circle,  or 

6 

And  the  fum  will  be 

8 

29 

1 »-/■> 

45 

C c 2 Brought 
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Sun  fr 

. node. 

S 

0 

/ 

// 

Brought  over 

8 

29 

55 

45 

Next  Ids  mean  mot.  for  Sept.  fubt. 

8 

12 

22 

49 

And  there  remains 

17 

32 

56 

Next  lefs  mean  mot>.  for  16  days. 

fubt. 

16 

37 

4 

And  the  remainder  will  be 

55 

52 

Next  lefs  mean  mot.  for  21  hours, 

fubtraCled 

1 » / ! . 

54 

32 

. Rem.  (nearly)  the  mean  mot.  of 

31  minutes 

1 

20 

The  li- 
mits of 
eciipjes. 


Their  pe- 
riod and 
reltitu- 
:ion. 


So  that,  according  to  the  tables,  the  fun  will 
be  in  conjunction  with  the  defeending  node  on  the 
1 6th  of  September,  at  21  hours  3 1 minutes  pall 
noon  : one  day  later  than  the  truth,  on  account 
of  the  leap-year. 

When  the  moon  changes  within  18  days. be- 
fore Or  after  the  fun’s  conjunction  with  either  of 
the  nodes,  the  fun  will  be  eclipfed  at  that  change : 
and  when  the  moon  is  full  within  12  days  before 
or  after  the  time  of  the  fun’s  conjunction  with 
either  of  the  nodes,  (lie  will  be  eclipied  at  that 
full : other  wife  nor. 

If  to  the  mean  time  of  any  eclipfe,  either  of  the 
fun  or  moon,  we  add  557  Julian  years  21  days 
18  hours  11  minutes  and  51  feconds  (in  which 
there  are  exaCtly  6890  mean  lunations)  we  lhall 
have  the  mean  time  of-another  eclipfe.  For  at 
the  end  of  that  time,  the  moon  will  be  either 
new  or  full,  according  as  we  add  it  to  the  time 
of  new  or  full  moon  ; and  the  fun  will  be  only 
45"  farther  from  the  fame  node,  at  the  end  of 


\ 


The  Period  and  Return  of  Eclipfes. 

the  (aid  time,  than  he  was  at  the  beginning  of 
it ; as  appears  by  the  following  example  *. 

The  period  Moon  fr.  fun.  Sun  fr.  node. 

so'"  so'" 
500—3  3 32  47—10  14  45  8 

40 — 8 26  50  37—  1 23  58  49 

17 — 3 2 21  39 — 10  28  40  15 

21 — 8 16  o 21 — 21  48  38 

i2—  98  35—  46  44 

I1‘—  5 35 — 29 

51 — 26 — 2 


39 1 


-OOO  O — 000  4£ 


Complete 
years. 

days 
hours 
minutes 
feconds 
Mean  motions 

And  this  period  is  io  very  near,  that  in  0000 
years  it  will  vary  no  more  from  the  truth  as  to 
the  reftitution  of  eclipfes,  than  8f  minutes  of  a 
degtdt;  which  may  be  reckoned  next  to  nothing. 
It  is  the  fhorteft  in  which,  after  many  trials,  I 
can  find  io  near  a conjundtion  of  the  fun,  moon, 
and  the  fame  node. 

* Dr.  Halley’s  period  of  eclipfes  contains  only  18  years 
11  days  7 hours  43  minutes  20  feconds;  in  which  time, 
according  to  his  tables,  there  are  juft  223  mean  lunations  : 
but,  as  in  that  time,  dje  fun’s  mean  motion  from  the  node 
is  no  more  than  1 is .29°  3 T 49",  which  wants  28'  11"  of 
being  as  nearly  in  conjunction  with  the  fame  node  at  the 
end  of  the  period,  as  it  was  at^  the  beginning;  this  period 
cannot  be  of  conftant  duration  for  finding  eclipfes,  becaufe 
n will  in  time  fall  quite  without  their  limits.  The  follow- 
ing tables  make  this  period  31  feconds  ftiorter,  as  appears  by 

Sun  fr.  node, 
so'" 
ii  17  46  18 
11  25  29 
. 1 8 u 
1 49 


The  period. 

Moon  fr.  fun. 

S 

0 

' II 

Complete  years 

18 — 7 

1 1 

59  4 — 

days 

hours 

n— 4 
7 — 

H 

3 

5 54— 
33 

. minutes 

42— 

2 1 20 

fee. 

44— 

22 

Mean  motions 

— 0 

0 

0 0— : 

o— 11  29  31  49 


C c 


This 


A Table  of  Mean  Lunations , 

This  table  is  made  by  the  continual  addition 
of  a mean  lunation,  viz.  'if  i2h  44m  3*  6th  il1’ 
if  if1  ovii. 


Lun. 

Days. 

H. 

M. 

O. 

in 

in  X ooooo  mean  luna 

1 

29 

12 

44 

3 

6 

lian  years  12  days  21  hours- 

2 

59 

I 

28 

6 

13 

36  minutes  30  feconds  zr 

3 

O 88 

*4 

1 2 

9 

J9 

Z953059  days  3 hours  36 

4 

3 I IS 

2 

56 

12 

25 

minutes  30  feconds. 

5 

5*  H7 

15 

40 

*5 

32 

Proof  of  the  Table. 

6 

1 77 

4 

24 

18  38 

Moon  trom  lun. 

7 

206 

l7 

8 

21 

44 

In 

• o'" 

8 

236 

5 

S2 

24 

5 1 

T f 4000 

I 1422  12 

9 

265 

18 

36  27 

57 

4 ) 4000 

I 14  22  12 

10 

295 

7 

20 

31 

3 

2 ) to 

5 25  4'  *15 

20 

590 

T4 

41 

2 

7 

? ( 5 

IO  O l8  28 

3° 

885 

22 

1 

33 

1 1 

Days  12 

4 26  17  20 

4° 

1 181 

5 

22 

4 

14 

Hours  zi 

10  40  I 

5° 

j476 

12 

42 

35 

18 

Min.  36 

18  17 

100 

2-953 

1 

25 

10 

35 

Sec.  20 

15 

zoo 

5906 

2 

5° 

21 

1 r 

300 

8859 

4 

*5 

3 1 

46 

M.  fr.  fun. 

OOOO 

400 

11812 

5 

40 

42 

22 

Having 

by  the  former 

500 

147,-6 

7 

5 

52 

57 

precepts 

computed  the 

1 000 

^ 2953° 

r4 

1 1 

45 

54 

mean  time  of  new  moon  in 

2000 

59061 

4 

23 

3 1 

4y 

January, 

for  any  given 

3000 

88591 

18 

35 

17 

42 

year,  it  is  eafy,  by  this  Ta- 

^.OOO 

118122 

8 

47 

3 

36 

ble,  to  find  the  mean  time 

5000 

147652 

22 

58  49 

30 

%/ 

of  new  moon  in  J anuary  for 

icooc 

295305 

21 

57 

39 

0 

any  number  of  years  after- 

20000 

590611 

I9 

55 

18 

0 

ward  : and  by  means  of  a 

30000 

8859 1 7 

J7 

$2 

57 

0 

fmall  table  of  lunations  for 

40000 

1 1 8 1Z23 

J5 

50  30 

0 

12  or  13  months,  to  make 

50000 

1456,29 

J3 

48 

J5 

c 

a general  table  for  finding 

! OOOCC 

29(^059 

2 

26 

30 

c 

the  mean 

time  of  new  or 

lull  moon  in  any  given  year 
and  month  whatever. 


D.  H.  M.  S.  Th. 

In  n lunations  there  are  324  20  4 34  10. 

In  12  lunations  - 354  8 48  37  16. 

In  13  lunations  - 383  21  32  40  23. 

iut  thert  it  would  be  beft  to  begin  the  year  with  March, 
0 avoid  the  inconvenience  of  lofing  a day  by  miltake  in 
I ;a  p- year. 
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Years 

Years 

Years  before 

Moon  from  fun. 

Com- 

Moon  from  fun. 

Julian 

period 

of  the 

and  after 

plctC 

World. 

Christ. 

so'" 

years. 

so'" 

706 

O 

4008 

5 28  I 17 

1 1 

O IO  14  20 

714 

' 8 

4000 

S 9 23  34 

12 

5 2 3 II 

r7H 

1008 

w 3000 

ir  20  28  57 

*3 

9 4°  35 

271  + 

2008 

H 2000 

6 1 34  30 

H 

1 21  18  0 

37H 

3008 

2 1000 

0 12  40  3 

x5 

6 0 55  24 

3814 

3io8 

I 900 

10  19  46  36 

16 

10.  22  44  it 

39*4 

3208 

U 800 

8 26  53  9 

x7 

3 2 21  39 

4014 

3308 

0 700 

7 3 59  43 

18 

7 11  59  4 

4”4 

3408 

£ 600 

5 1 1 616 

x9 

11  21  3b  27 

4214 

3508 

£ 5°° 

3 *8  12  49 

20 

4 ‘3  3 5 >9 

43  r4 
4414 

;6o8 

3708 

<L>  ^OO 

"S  300 

x 25  19  23 
0 2 25  36 

40 

60 

8 26  ro  37 
I 10  15  56 

4s '4 

3808 

§ 200 

10  9 32  29 

80 

5 2 3 41  x5 
i°  7 6 33 

4614 

39°8j 

"5  100 

8 16  39  3 

100 

47  H 

4.008 

7 1 

6 23  45  36 

200 

3 14  13  7 

4814 

4108 

« IOI 

> 

5 0 52  9 

300 

6 21  19  40 

4914 

4208 

201 

3 7 53  43 

400 

4 28  2b  13 

5014  4308 

q 301 

1 15  5 ib 

500 

3 5 32  47 

5114  4+08 

0 401 

11  22  11  49 

1000 

6 n 5 33 
0 22  1 1 6 

3214  4508 

” 5GI 

9 29  18  23 

2000 

37:4  5008 

- 100 1 

1 4 5«  9 

3000 

7 3 16  19 

6414  5708 

.H  1701 

0 24  37  2 

10  9 24  56 

6 326  1 3 

4000 

1 14  22  12 

6466  5760 
6^14  ^Ho8 

>753 

1801 

Months. 

Moon  from  fun. 
s o ' " 

O w”?  ~ 

wOirtplcic 

Moon  trom  inn 

! an. 

0000 

years. 

s 0 ' " 

Feb. 

0 i7  54  48 

CL  QJ 

u -c  1 

4 9 37  24 

Mar. 

11  29  15  16 

•s  o'-S  g 

I-g  2 

8 19  14  48 

April 

0 17  jo  3 

^ ’t  « U 

■—  13  3 

O 28  52  13 

May 

O 22  S3  23 

O U -C 

jz  ^ %j 

•».  4 

3 20  41 " 4 

June 

I JO  48  11 

u *"  0 > 

-Q  co 

d C 

* *0  ^ 

10  0 18  28 

J“iy 

1 1631  32 

b > « c 

J5  > v 0 c 

^ »n  • 6 

S3  VO  ''O 

2 9 55  52 
6 x9  33  *7 

Aug. 

2 4 6 20 

> - 
-> 

*'  r^'O  7 

Sept. 

2 2i  21  8 

•S  , r?  ^ 

-•  W ~ 'rr  »- 

OO  U5  O O 

| = | 

^ 1 -r-  >—  “ 

= ^ 8 
~-S  ‘4  9 

— 10 

111122  7 

3 20  59  32 
8 0 ^6 

Oct. 

Nov. 

Dec. 

2 28  4 29 

3 x5  59  >7 

3 2f  42  7 

iUx.s'B 

1 his  taolc 
>751 

agreei  witn  the  old Jlile  until  the  year 
; and  after  that  with  the  new. 

' — ~ ‘ I 

C c 


Days. 


4 
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. c 

Moon  from  fun. 

Moon  from  fur. 

Moon  from  fun. 

cn 

s 

0 

/ 

✓/ 

H. 

O / 

M. 

/ 

// 

/✓/ 

M. 

/ // 

//✓ 

S. 

// 

/// 

1 

0 

12 

,i 1 

27 

S. 

//  ✓// 

//'✓ 

Th. 

//// 

V 

2 

O 

9 4 

22 

C*  0 

3 3 

3 

1 

6 

34 

20 

1 

0 30 

29 

3 1 

15 

44 

47 

4 

T 

18 

45 

47 

2 

1 0 

57 

32 

16 

*5 

16 

5 

2 

0 

57 

T3 

3 

1 3i 

26 

33 

45 

44 

6 

2 

J3 

8 

40 

4 

2 1 

54 

34 

l7 

16 

13 

7 

2 

25 

20 

7 

5 

2 32 

23 

35 

17  46  42 

8 

3 

7 

3! 

34 

6 

3.  2 

52 

3 6 

18 

i7 

10 

9 

3 

T9 

43 

0 
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In  lea  (.-years,  after  February,  a day  and  us  motion  mint  tie 
added  to  the  time  for  which  the  moon’s  mean  di if ance  from 
the  fun  is  given.  But,  when  the  mean  time  of  any  new  01 
full  moon  is  required  in  leap-year  alter  February,  a day  muff 
be  fubtrafied  from  the  mean  time  thereof,  as  found  by  the 
tables.  In  common  years  they  give  the  day  right. 
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mechanics. 

/ 

The  Defcription  of  a new  and  fafe  Crane , which 
Weight  r dl^Crent  Powers>  “dapted  to  different 

PHE  common  crane  confifts  only  of  a lame 
A,  wheel  and  axle ; and  the  rope,  by  which 
goods  are  drawn  up  from  Ihips,  or  let  down 
trom  the  quay  to  them,  winds  or  coils  round  by 
£C.,axle’  th^  axle  is  turned  by  men  walking 

o t.’tt  f’f  thefe  ensin«  h*ve  nothing 
? p the  we,Kht  from  running  down,  if  any  of 
the  men  happen  to  trip  or  fall  in  the  wheel  die 
weight  defcends,  and  turns  the  wheel  rapidly 

within  h’-  and  toires  the  me"  violently  abom 
jnft  ” ’ , h!ch  rhas  Produced  melancholy 

inltances,  not  only  of  limbs  broken,  but  even  of 

livps 


4 


MECHANICS. 

lives  loft,  by  this  ill-judged  conftru&ion  of 
cranes.  And  -betides,  they  have  but  one  power 
for  all  forts  of  weights ; fo  that  they  generally 
fpend  as  much  time  in  raifing  a fmall  weight,  as 
in  raifing  a great  one. 

Thefe  imperfections  and  dangers  induced  me 
to  think  of  a method  of  remedying  them.  And 
for  that  purpofe,  I contrived  a crane  with  a j 
proper  flop  to  prevent  the  danger,  and  with  ! 
different  powers  fuited  to  different  weights  ; fo  ; 
that  there  might  be  as  little  lofs  of  time  as  pof-  1 
fible : and  alfo,  that  when  heavy  goods  are  let  ] 
down  into  (hips,  the  defcent  may  be  regular  and  I 
deliberate. 

This  crane  has  four  different  powers : and,  1 1 
believe,  it  might  be  built  in  a room  eight  feet  f, 
in  width  : the  gib  being  on  the  outfide  of  the  1 
room. 

Three  trundles,  with  different  numbers  ofij 
{laves,  are  applied  to  the  cogs  of  a horizontal! 
wheel  with  an  upright  axle  ; and  the  rope,  that* 
draws  up  the  weight,  coils  round  the  axle.  Thei 
wheel  has  96  cogs,  the  largefl  trundle  24  haves, 
the  next  largefl  has  12,  and  the  fmalleft  has  6. 
So  that  the  largefl  trundle  makes  4 revolutions 
for  one  revolution  of  the  wheel ; the  next  makes' 
8,  and  the  fmalleft  makes  16.  A winch  is 
occafionally  put  upon  the  axis  of  either  of  thele 
trundles,  for  turning  it ; the  trundle  being  then 
ufed  that  gives  a power  beft  fuited  to  the  weight : 
and  the  handle  of  the  winch  difcribes  a circle  in 
every  revolution  equal  to  twice  the  circum- 
ference of  the  axle  of  the  wheel.  So  that  the 

length 


MECHANICS. 


5 


length  of  the  winch  doubles  the  power  gained 
by  each  trundle. 

As  the  power  gained  by  any  machine,  or  en- 
gine whatever,  is  in  diredt  proportion  as  the 
velocity  of  the  power  is  to  the  velocity  of  the 
weight ; the  powers  of  this  crane  are  ealily  efii- 
mated,  and  they  are  as  follows. 

If  the  winch  be  put  upon  the  axle  of  the 
largefl  trundle,  and  turned  four  times  round, 
the  wheel  and  axle  will  be  turned  once  round  : 
and  the  circle  defcribed  by  the  power  that  turns 
the  winch,  being,  in  each  revolution,  double  the 
circumference  of  the  axle,  when  the  thicknefs 
of  the  rope  is  added  thereto  ; the  power  goes 
through  eight  times  as  much  fpace  as  the  weight 
lifes  through  : and  therefore  (making  fome 
allowance  for  friction)  a man  will  raife  eight 
times  as  much  weight  by  the  crane  as  he  would 
by  his  natural  llrength  without  it : the  power,  in 
this  cafe,  being  as  eight  to  one. 

put  upon  the  ajtis  of  the  next 
trundle,  the  power  will  be  as  fixteen  to  one,becaufe 
it  moves  1 6 times  as  fall  as  the  weight  moves. 

If  the  winch  be  put  upon  the  axis  of  the 
fmallelt  trundle,  and  turned  round  ; the  power 
will  be  as  32  to  one. 


• # 

But  if  the  weight  Ihould  be  too  great  even 
for  this  power  to  raife,  the  power  may  be 
doubled  by  drawing  up  the  weight  by  one  of 
he  pans  of  a double  rope,  going  under  a pulley 
n the  moveable  block,  Which  is  hooked  to  the 
veight  below  the  arm  of  the  gib  ; and  then  the 
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power  will  be  as  64  to  one.  That  is,  a man 
could  then  raife  64  times  as  much  weight  by  the 
crane  as  he  could  raife  by  his  natural  ftrength 
without  it ; becaufe,  for  every  inch  that  the 
weight  rifes,  the  working  power  will  move  through 
64  inches. 

By  hanging  a block  with  two  pullies  to  the 
arm  of  the  gib,  and  having  two  pullies  in  the 
moveable  block  that  rifes  with  the  weight,  the 
rope  being  doubled  over  and  under  thefe  pullies, 
the  power  of  the  crane  will  be  as  128  to  1. 
And  fo,  by  increafing  the  number  of  pullies,  the 
power  may  be  increafed  as  much  as  you  pleafe : 
always  remembering,  that  the  larger  the  pullies 
are,  the  lefs  is  their  fri&ion. 

While  the  weight  is  drawing  up,  the  ratch- 
teeth  of  a wheel  flip  round  below  a catch  or  click 
that  falls  fucceftively  into  them,  and  fo  hinders 
the  crane  from  turning  backward,  and  detains 
the  weight  in  any  part  of  its  afcent,  if  the  man 
who  works  at  the  winch  fhould  accidentally  hap- 
pen to  quit  his  hold,  or  choofe  to  reft  himfelf 
before  the  weight  be  quite  drawn  up. 

In  order  to  let  down  the  weight,  a man  pulls 
down  one  eiid  of  a lever  of  the  fecond  kind, 
which  lifts  the  catch  of  the  ratchet-wheel,  and 
gives  the  weight  liberty  to  defcend.  But,  if  the 
defcent  be  too  quick,  he  pulls  the  lever  a little 
farther  down,  fo  as  to  make  it  rub  againft  the 
outer  edge  of  a round  wheel  ; by  which  means 
he  lets  down  the  weight  as  flowly  as  he  pleafes : 
and,  by  pulling  a little  harder,  he  may  ftop  the 
weight,  if  needful,  in  any  part  of  its  defcent. 
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If  he  accidentally  quits  hold  of  the  lever,  the 
catch  immediately  falls,  and  flops  both  the 
weight  and  the  whole  machine. 

This  crane  is  reprefented  in  PLATE  I. 
where  A is  the  great  wheel,  and  B its  axle  on 
which  the  rope  C winds.  This  rope  goes  over 
a pulley  D in  the  end  of  the  arm  of  the  gib  E , 
and  draws  up  the  weight  F,  as  the  winch  G is 
turned  round.  H is  the  larged  trundle,  I the 
next,  and  K is  the  axis  of  the  fmallefl  trundle^ 
which  is  fuppofed  to  be  hid  from  view  by  the 
upright  fupporter  L.  A trundle  M is  'turned 
by  the  great  wheel,  and  on  the  axis  of  this 
trundle  is  fixed  the  ratchet-wheel  N,  into  the 
teeth  of  which  the  catch  0 falls.  P is  the  lever 
from  which  goes  a rope  over  a pulley  R 

to  the  catch  ; one  end  of,  the  rope  being  fixed 
to  the  lever,  and  the  other  end  to  the  catch.  S is 
an  elaftic  bar  of  wood,  one  end  of  which  is 
fcrewed  to  the  floor  : and  from  the  other  end 
goes  a rope  (out  of  fight  in  the  figure)  to  the 
farther  end  of  the  lever,  beyond  the  pin  or  axis 
on  which  it  turns  in  the  upright  fupporter  T. 

The  ufe  of  this  bar  is  to  keep  up  the  lever  from 
rubbing  againfl  the  edge  of  the  wheel  U,  and  to 
let  the  catch  keep  in  the  teeth  of  the  ratchet- 
wheel  : but  a weight  hung  to  the  farther  end  of 
the  lever  would  do  full  as  well  as  the  elaftic  bar 
and  rope. 

When  the , lever  is  pulled  down,  it  lifts  the 
catch  out  of  the  ratchet-wheel,  bv  means  of  the 
rope  and  gives  the  weight  F liberty  to 

defcend  : but  if  the  lever  P be  pulled  a little 
farther  down  than  what  is  fufficient  to  lift  the 
catch  0 out  of  the  ratchet-wheel  N,  it  will  rub 

1)  d 4 againfl: 


againft  the  edge  of  the  wheel  U , and  thereby 
hinder  the  too  quick  defcent  of  the  weight  ; and 
will  quite  flop  the  weight  if  pulled  hard.  And 
if  the  man  who  pulls  the  lever  fhould  happen  in- 
advertently to  let  it  go  ; the  elaflic  bar  will  fud- 
denly  pull  it  up,  and  the  catch  will  fall  down  and 
flop  the  machine. 

WW  are  two  upright  rollers  above  the  axis 
or  upper  gudgeon  of  the  gib  E ; their  ufe  is  to 
let  the  rope  C bend  upon  them,  as  the  gib  is 
turned  to  either  fide  in  order  to  bring  the  weight 
over  the  place  where  it  is  intended  to  be  let 
down. 

N.  B.  The  rollers  ought  to  be  fo  placed,  that 
if  the  rope  C be  ftretched  clofe  by  their  utmofl 
tides,  the  half  thicknefs  of  the  rope  may  be 
perpendicularly  over  the  center  of  the  upper  ■ 
gudgeon  of  the  gib.  For  then,  and  in  no  other  ] 
pofition  of  the  rollers,  the  length  of  the  rope  j 
between  the  pulley  in  the  gib  and  the  axle  of  the 
great  wheel  will  be  always -the  fame,  in  all  pofi-  I 
tions  of  the  gib  : and  the  gib  will  remain  in  any 
pofition  to  which  it  is  turned. 

When  either  of  the  trundles  is  not  turned  by  • 
the  winch  in  working  the  crane,  it  may  be  drawn  j 
off  from  the  wheel,  after  the  pin  near  the  axis  of 
the  trundle  is  drawn  out,  and  the  thick  piece  of  | 
wood  is  raifed  a little  behind  the  outward  fup-  i 
porter  of  the  axis  of  the  trundle.  But  this  is  . ] 
not  material : for,  as  the  trundle  has  no  fri&ion  . 
on  its  axis  but  what  is  occafioned  by  its  weight,  ; 
it  will  be  turned  by  the  wheel  without  any  fen-  | 
fible  refiftance  in  working  the  crane. 
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A Pyrometer  that  makes  the  Expanfion  of  Metals 

by  heat  vifible  to  the  Jive  and  forty  thoufandth 

P& rt  of  an  Inch . 

The  upper  furface  of  this  machine  is  repre- 
fented  by  Fig.  i.  of  Plate  II.  Its  frame  ABCD 
is  made  of  mahogany  wood,  on  which  is  a circle 
divided  into  360  equal  parts ; and  within  that 
circle  is  another,  divided  into  8 equal  parts.  If 
the  Ihort  bar  E be  pufhed  one  inch  forward  (or 
toward  the  center  of  the  circle)  the  index  e will 
be  turned  1 25  times  round  the  circle  of  360  parts 
or  degrees.  As  125  times  360  is  45,000,  ’tis  evi- 
dent that  if  the  bar  E be  moved  only  the  45000th 
part  of  an  inch,  the  index  will  move  one  degree 
of  the  circle.  But  as  in  my  pyrometer,  the  circle 
is  9 inches  in  diameter,  the  motion  of  the  index 
is  vifible  to  half  a degree,  which  anfwers  to  the 
ninety  thoufandth  part  of  an  inch  in  the  motion 
or  pu filing  of  the  fhort  bar  E. 

One  end  of  a long  bar  of  metal  F is  laid  info 
a hollow  place  in  a piece  of  iron  G,  which  is 
fixed  to  the  frame  of  the  machine  ; and  the 
other  end  of  this  bar  is  laid  againft  the  end  of 
^he  fhort  bar  E , over  the  fupporting  crofs  bar 
HI.  and,  as  the  end  f of  the  long  bar  is  placed 
clofe 'againft  the  end  of  the  fhort  bar,  it  is  plain 
that  if  F expands,  it  will  pufh  E forward,  and 
turn  the  index  e. 


I he  machine  Hands  on  four  fhort  pillars,  hicrh 
enough  from  a table  to  let  a fpirit-lamp  be  put 
on  the  table  under  the  bar  F ;;  and  when  that  is 
done  the  heat  of  the  flame  of  the  lamp  expands 
the  bar,  and  turns  the  index. 

There 
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There  are  bars  of  different  metals,  as  filver, 
brafs,  and  iron,  all  of  the  fame  length  as  the 
bar  F,  for  trying  experiments  on  the  different 
expansions  of  different  metals,  by  equal  degrees 
of  heat  applied  to  them  for  equal  lengths  of 
time ; which  may  be  meafured  by  a pendulum 
that  fwings  feconds.  Thus, 

Put  on  the  brafs  bar  F,  and  fet  the  index  to 
the  360th  degree:  then  put  the  lighted  lamp 
under  the  bar,  and  count  the  number  of  feconds 
in  which  the  index  goes  round  the  plate,  from 
360  to  360  again  ; and  then  blow  out  the  lamp, 
and  take  away  the  bar. 

This  done,  put  on  an  iron  bar  F where  the 
brafs  one  was  before,  and  then  fet  the  index  to 
the  360th  degree  again.  Light  the  lamp,  and 
put  it  under  the  iron  bar,  and  let  it  remain  juft 
as  many  feconds  as  it  did  under  the  brafs  one ; 
and  then  blow  it  out,  and  you  will  fee  how 
many  degrees  the  index  has  moved  in  the  circle  : 
and  by  that  means  you  will  know  in  what  pro- 
portion the  expanfion  of  iron  is  to  the  expanfion 
of  brafs  ; which  I find  to  be  as  210  is  to  360,  or 
as  7 is  to  12, — By  this  method,  the  relative  ex- 
panfions  of  different  metals  may  be  found. 

The  bars  ought  to  be  exactly  of  equal  fize  ; 
and  to  have  them  fo,  they  fhould  be  drawn,  like 
wire,  through  a hole. 

When  the  lamp  is  blown  out,  you  will  fee  the 
index  turn  backward : which  lhews  that  the 
metal  contracts  as  it  cools. 

. - * 

The  infide  of  this  pyrometer  is  conftru&ed  as 
follows. 
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In  Fig.  2.  A a is  the  fhort  bar  which  moves 
between  rollers  ; and,  on  the  fide  a it  has  1 5 
teeth  in  an  inch,  which  take  into  the  leaves  of  a 
pinion  A (12  in  number),  on  whofe,  axis  is  the 
wheel  C of  100  teeth,  which  take  into  the  10 
.leaves  of  the  pinion  D,  on  whofe  axis  is  the 
wheel  A of  100  teeth,  which  take  into  the  10 
leaves  of  the  pinion  F , on  the  top  of  whofe  axis 
is  the  index  above-mentioned. 

Now  as  the  wheels  C and  E have  100  teeth 
each,  and  the  pinions  D and  F have  ten  leaves 
each  j it  is  plain,  that  if  the  wheel  C turns  once 
round,  the  pinion  F and  the  index  on  its  axis 
will  turn  100  times  round.  But,  as  the  firfi: 
pinion  B has  only  1 2 leaves,  and  the  bar  A a 
that  turns  it  has  15  teeth  in  an  inch,  which  is 
12  and  a fourth  part  more ; one  inch  motion  of 
the  bar  will  caufe  the  laft  pinion  F to  turn  a 
hundred  times  round,  and  a fourth  part  of  a 
hundred  over  and  above,  which  is  25.  So  that 

uA  a be  pufhed  one  inch,  F will  be  turned  1 2 c 
times  round. 


A filk  thread  b is  tied  to  the  axis  of  the  pinion 
D\ and  wound  feveral  times  round  it ; and  th~ 
other  end  of  the  thread  is  tied  to  a piece  of 
flender  watch-fprmg  G which  is  fixed  into  the 

ud  t^lat5  as  bar  f expands  and 

pulhes  the  bar  A a forward,  the  thread  winds 
round  the  axle,  and  draws  out  the  fprinn  • ancj 
as  the  bar  contrads,  the  fpring  pulls  back  the 
thread,  and  turns  the  work  the  contrary  wav 
winch  pufltes  b,ck  the  (hort  bar  A a againrt  the 
long  bar/  This  fpring  always  keeps  the  teetli 
of  the  wheels  m contad  with  the  leaves  of 
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the  pinions,  and  fo  prevents  any  lhake  in  the 
teeth. 

In  Fig.  i.  the  eight  divifions  of  the  inner 
circle  are  fo  many  thoufandth  parts  of  an  inch  in 
the  expanlion  or  contraflion  of  the  bars  ; which 
is  juft  one  thoufandth  part  of  an  inch  for  each 
divilion  moved  over  by  the  index. 


A Water-Mill  invented  by  Dr.  Barker,  that  ha‘9 
neither  Wheel  nor  Trundle. 

This  machine  is  reprefented  by  Fig.  i.  of 
Plate  III.  in  which,  A is  a pipe  or  channel  that 
brings  water  to  the  upright  tube  B.  The  water 
runs  down  the  tube  and  thence  into  the  hori- 
zontal trunk  C,  and  runs  out  through  holes  at 
d and  e near  the  ends  of  the  trunk  on  the  con- 
trary Tides  thereof. 

The  upright  fpindle  D is  fixed  in  the  bottom 
of  the  trunk,  and  fcrewed  to  it  below  by  the 
nut  g ; and  is  fixt  into  the  trunk  by  two  crofs 
bars  at  f : fo  that,  if  the  tube  B and  trunk  C be. 
turned  round,  the  fpindle  D will  be  turned ' 
alfo. 

The  top  of  the  fpindle  goes  fquare  into  the 
rynd  of  the  upper  mill-ftone  H,  as  in  common 
mills  ; and,  as  the  trunk,  tube,  and  fpindle,  turn 
round,  the  mill-ftone  is  turned  round  there- 
by. The  lower,  or  quiefcent  mill-ftone  is  re- 
prefented by  I ; and  K is  the  floor  on  which  it 
refts,  and  wherein  is  the  hole  L for  letting  the 
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meal  run  through,  and  fall  down  into  a trough 
which  may  be  about  M.  The  hoop  or  cafe 
that  goes  round  the  mill- done  reds  on  the  door 
K,  and  fupports  the  hopper  in  the  common 
way.  The  lower  end  of  the  fpindle  turns  in  a 
hole  in  the  bridge-tree  G F,  which  fupports  the 
mill-done,  tube,  fpindle,  and  trunk.  This  tree 
is  moveable  on  a pin  at  Z>,  and  its  other  end 
is  fupported  by  an  iron  rod  N fixt  into  it,  the 
top  of  the  rod  going  through  the  fixt  bracket 
0,  and  having  a fcrew-nut  o upon  it,  above  the 
bracket.  By  turning  this  nut  forward  or  back- 
ward, the  mill-done  is  raifed  or  lowered  at  plea- 
fure. 

While  the  tube  B is  kept  full  of  water  from 
the  pipe  A , and  the  water  continues  to  run  out 
from  the  ends  of  the  trunk  ; the  upper  mill- 
done  H , together  with  the  trunk,  tube,  and 
fpindle,  turns  round.  But,  if  the  holes  in  the 
trunk  were  dopped,  no  motion  would  enfue ; 
even  though  the  tube  and  trunk  were  full  of 
water.  For, 

If  there  were  no  hole  in  the  trunk,  the  pref- 
fure  of  the  water  would  be  equal  againd  all 
parts  of  its  Tides  within.  But  when  the  water 
has  free  egrefs  through  the  holes,  its  predure 
there  is  entirely  removed:  and  the  predure 
againd  the  parts  of  the  Tides  which  are  oppofite 
to  the  holes,  turns  the  machine. 
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A Machine  for  demonflrating  that , on  equal  Bot- 
toms, the  Prejfure  of  Fluids  is  in  Proportion  to 
their  perpendicular  Heights , without  any  regard 
to  their  Quantities. 

THIS  is  termed  The  Hydrojlatical  Paradox  : 
and  the  machine  for  fhewing  it  is  repre- 
fented  in  Fig.  2.  of  Plate  III.  In  which  A is  a 
box  that  holds  about  a pound  of  water,  a b ede 
a gtafs  tube  fixed  in  the  top  of  the  box,  having 
a lmall  wire  within  it  j one  end  of  the  wire  being 
hooked  to  the  end  F of  the  beam  of  a balance, 
and  the  other  end  of  the  wire  fixed  to  a moveable 
bottom,  on  which  the  water  lies,  within  the  box  ; 
the  bottom  and  wire  being  of  equal  weight  with 
an  empty  fcale  (out  of  fight  in  the  figure)  hang- 
ing at  the  other  end  of  the  balance.  If  this  fcale 
be  pulled  down,  the  bottom  will  be  drawn  up 
within  the  box,  and  that  motion  will  caufe  the 
water  to  rife  in  the  glafs-tube. 

Put  one  pound  weight  into  the  fcale,  which 
will  move  the  bottom  a little,  and  caufe  the 
water  to  appear  juft  in  the  lower  end  of  the 
tube  at  a;  which  fhews  that  the  water  preffes 
with  the  force  of  one  pound  on  the  bottom  : put 
another  pound  into  the  fcale,  and  the  water  will 
rife  from  a to  b in  the  tube,  juft  twice  as  high 
above  the  bottom  as  it  was  when  at  a ; and  then, 
as  its  preffure  on  the  bottom  fupports  two  pound 
weight  in  the  fcale,  it  is  plain  that  the  preffure 
on  the  bottom  is  then  equal  to  two  pounds. 
Put  a third  pound  weight  in  the  fcale,  and  the 
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water  xvill  be  railed  from  b to  c in  the  tube, 
three  times  as  high  above  the  bottom  as  when 
it  began  to  appear  in  the  tube  at  a;  which 
fhews,  that  the  fame  quantity  of  water  that 
prelfed,  but  with  the  force  of  one  pound  on 
the  bottom,  when  railed  no  higher  than  <7, 
pieifes  with  the  force  of  three  pounds  on  the 
bottom  when  railed  three  times  as  high  to  c in 
the  tube.  Put  a fourth  pound  weight  into  the 
fcale,  and  it  will  caufe  the  water  to  rife  in  the 
tube  from  c to  d,  four  times  as  high  as  when  it 
was  all  contained  in  the  box ; which  fhews  that 
its  prdTure  then  upon  the  bottom  is  four 
times  as  great  as  when  it  lay  all  within  the 
box.  Put  a fifth  pound  weight  into  the  fcale 
and  the  water  will  rife  in  the  tuhe  frnm  J ^ 


the  tube  would  be 


aiifjng  from  the  liquor  in 
as  great  upon  the  bottom. 


and 
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and  be  in  as  much  danger  of  burfting  it  out  as 
if  the  cafk  was  continued  up,  in  its  full  fize,  to 
the  height  of  the  tube,  and  filled  with  liquor. 

In  order  to  account  for  this  furprifmg  affair, 
we  muff  confider  that  fluids  prefs  equally  in  all 
manner  of  direftions  ; and  confequently  that 
they  prefs  juft  as  ftrongly  upward  as  they  do 
downward.  For,  if  another  tube,  as  /,  be  put 
into  a hole  made  into  the  top  of  the  box,  and 
the  box  be  filled  with  water  ; aftd  then,  if  water 
be  poured  in  at  the  top  of  the  tube  ab  c de,  it 
will  rife  in  the  tube  / to  the  fame  height  as  it 
does  in  the  other  tube:  and  if  you  leave  off  pour- 
ing, when  the  water  is  at  c,  or  any  other  place  in 
the  tube  ab  cde,  you  will  find  it  juft  as  high 
in  the  tube/:  and  if  you  pour  in  wrater  to  fill  the 
firft  tube,  the  fecond  will  be  filled  alfo. 

* 

Now  it  is  evident  that  the  water  rifes  in  the 
tube  /,  from  the  downward  preflure  of  the  water 
in  the  tube  a b c d e,  on  the  furface  of  the  water, 
contiguous  to  the  infide  of  the  top  of  the  box ; 
and  as  it  will  ftand  at  equal  heights  in  both 
tubes,  the  upward  preflure  in  the  tube  /is  equal 
to  the  downward  preflure  in  the  other  tube.  J 
But,  if  the  tube /were  put  in  any  other  part  of  j 
the  top  of  the  box,  the  rifing  of  the  wrater  in  it  : 
would  ftill  be  the  fame  : or,  if  the  top  w^as  full 
of  holes,  and  a tube  put  into  each  of  them,  the 
water  would  rife  as  high  in  each  tube  as  it  w as 
poured  into  the  tube  ab  c de ; and  then  the 
moveable  bottom  would  have  the  weight  of  the  f 
water  in  all  the  tubes  to  bear,  befide  the  weight 
of  all  the  water  in  the  box. 

And! 


/ 
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, And  rcei^g  that  the  water  is  pre/Fcd  upward 
into  each  tube,  it  is  evident  that,  if  they  be  all 
taken  away,  excepting  the  tub e a b c d ey  and 
the  holes  in  which  they  Rood  be  ftopt  up ; each 
part,  thus  ftopc,  will  be  preffed  as  much  up- 
ward  as  was  equal  to  the  weight  of  water  in  each 
fU?j‘  So  that,  the  upward  preffure  againft  the 
infirie  of  the  top  of  the  box,  on  every  part  equal 
in  breadth  to  the  width  of  the  tube  ab  'c  d e,  will 
be  P'effed  upward  with  a force  . equal  to  the 
whole  weight  of  water  in  the  tube.  And  confc- 
qiiently,  tne  whole  upward  pr,  fibre  againft-  the 
top  ot  the  box,  arifing  from  the  weight  or 
downward  preffure  of  the  water  in  the  tube,  will 
be  equal  to  the  weight  of  a column  of  water  of 

famed/  i'"!''  w,tLh  that  ln  tube,  and  of  the 

lame  thickncls  as  the  width  of  the  infide  of  the 

wiii  :r!  a‘^‘s  Uf>'vari!  prcffurc  againl1  thc  “>P 
will  re-aa  downward  againft  the  bottom  and 

be  as  great  thereon,  as  would  be  equal  to  thc 

weight  of  a column  of  water  as  thick  as  the 

moveable  bottom  is  broad,  and  as  high  as  the 

1 * \ ' r1*  * 1 ' • ■>  • . 

The  method  of  making 

•£  s&tzzes 

ruffTox"8^  •ke, the  lid  «f-omm°o  Jg 

-Mder/„  which  is 
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groove  by  a firong  waxed  thread  ; the  b<3cider 
coming  up  like  a purfe  within  the  box,  and  put 
over  the  top  of  it  at  a and  d all  round,  and  then 
the  lid  prefled  on.  So  that,  ii  water  be  poured 
in  through  the  hole  1 1 of  the  lid,  it  will  lie  upon 
the  bottom  E,  and  be  contained  in  the  fpace 
f E <r  h within  the  bladder;  and  the  bottom  may 
be  raifcd  by  pulling  the  wire  i,  which  is  fixed  to 
it  at  and  by  thus  pulling  the  wire,  the  *ater 
will  be  lifted  up  in  the  tube  k,  and  as  the  bot-  ; 
tom  does  not  touch  againft  the  infide  of  the  box, 
it  moves  without  fridtion.  , 

Now,  fuppofe  the  diameter  of  this  round  but-  . 
tom  to  be  three  inches  (in  which  cafe,  the  area 
thereof  will  be  9 circular  inches)  and  the  diame-  I 
ter  of  the  bore  of  the  tube  to  be  a quarter  of  an 
inch  ; the  whole  area  of  the  bottom  will  be  144  1 
times  as  great  as  the  area  of  the  top  of  a pm  J 
that  would  fill  the  tuoe  like  a cork. 

And  hence  it  is  plain,  that  if  the  moveable 
bottom  be  raifcd  only  the  144th  part  of  an  inch, 
the  water  will  thereby  be  railed  a wnole  inch  in 
the  tube  ; and  confequently,  that  if  the  bottom 
be  raifcd  one  inch,,  it  would  raiie  the  water  to  j 
the  top  of  a tube  144  inches,  or  12  feet,  in  ^ 

height. 

N.  B.  The  box  mud  be  open  below  the  move- 
able  bottom,  to  let  in  the  air.  Otherwifc,  the  .1 
prtflme  of  the  atmofphere  would  be  lo  great  up0I*|| 
the  moveable  bottom,  if  it  be  three  inches  in 
diameter,  as  to  require  108  pounds  in  the  cai  * 
to  balance  that  preiTme,  before  the  bottom  cou  ^ 
begin  to  move.  ^ 
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A Machine , to  he  fuhjlituted  in  -place  of  the  com- 
mon Hydrojiatical  Bellows. 

In  Fig,  1.  of  Plate  \V.  A BCD  is  an  oblong 
fquare  box,  in  one  end  of  which  is  a round 
groove,  as  at  a , from  top  to  bottom,  for  receiv- 
ing the  upright  glais  tube  /,  which  is  bent  to  a 
right  angle  at  the  lower  end  (as  at  i in  Fig.  2.) 
and  to  that  part  is  tied  the  neck  of  a large  blad- 
der K {Fig.  2.)  which  lies  in  the  bottom  of  the 
box.  Over  this  bladder  is  laid  the  moveable 
board  L {Fig.  1 and  3.),  in  which  is  fixt  an  up- 
right wire  M;  and  leaden  weights  N N to  the 
amount  of  16  pounds,  with  holes  in  their  mid- 
dle, which  are  put  upon  the  wire,  over  the  board, 
and  prefs  upon  it  with  all  their  force. 

The  crofs  barp  is  then  put  on,  to  fecure  the 
tube  from  falling,  and  keep  it  in  an  upright  pofi- 
tfon  : And  then  the  piece  EFG  is  to  be  put  on, 
the  part  G Aiding  tight  into  the  dove-tailed 
groove  H , to  keep  the  weights  NN  horizontal, 
and  the  wire  M upright j there  being  a round 
hole  e.in  the  part  E F for  receiving  the  wire. 

There  are  four  upright  pins  in  the  four  cor- 
ners of  the  box  within,  each  almoft  an  inch  long, 
for  the  board  L to  reft  upon : to  keep  it  from 
prefling  th^ Tides  of  the  bladder  below  it  clofe 
together  at  firft. 

The  whole  machine  being  thus  put  together, 
pour  water  into  the  tube  at  top  j and  the  water 
will  run  down  the  tube  into  the  bladder  below 
the  board  ; and  after  the  bladder  has  been  filled 

E e 2 up 
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up  to  the  board,  continue  pouring  water  into  the 
tube,  and  the  upward  prefiure  which  it  will  ex- 
cite in  the  bladder,  will  raife  the  board  with  all 
the  weight  upon  it,  even  though  the  bore  of  the 
tube  fhould  be  fo  fmall,  that  lefs  than  an  ounce 
of  water  would  fill  it. 

This  machine  a<fts  upon  the  fame  principle 
. as  the  one  laft  defcribed,  concerning  the  Hydro - 
Jiatical paradox.  For,  the  upward  pre ffure  againft 
every  part  of  the  board  (which  the  bladder 
touches)  equal  in  area  to  the  area  of  the  bore 
of  the  tube,  will  be  prefifed  upward  with  a force 
equal  to  the  weight  of  the  water  in  the  tube  ; 
and  the  fum  of  all  thefe  preflures,  againft  fo 
many  areas  of  the  board,  will  be  fufficient  to  raife 
it  with  all  the  weights  upon  it. 

In  my  opinion,  nothing  can  exceed  this  fim- 
ple  machine,  in  making  the  upward  prefifure  of 
fluids  evident  to  fight. 

The  Caufe  of  reciprocating  Springs,  and  of  ebbing 
and  flowing  Wells , explained. 

\ 

In  Fig.  i.  of  Plate  Y.  let  abed  be  a hill, 
within  which  is  a large  cavern  AA  near  the  top, 
filled  or  fed  by  rains  and  melted  fnow  on  the  top 
a , making  their  way  through  chinks  and  cran- - 
mes  into  the  faid  cavern,  from  which  proceeds  a 
fmall  ftream  CC  within  the  body  of  the  hill,  and 
ifiutrs  out  in  a fpringat  G on  the  fide  of  the  hill, 
which  will  run  conftantly  while  the  cavern  is  fed 
' ..  with  water. 

From  the  fame  cavern  A A,  let  there  be  a 
fmall  channel  D , to  carry  water  into  the  cavern 
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B ; and  from  that  cavern  Jet  there  be  a bended 
channel  E e F,  larger  than  Z>,  joining  with  the 
former  channel  CCt  as  at / before  it  comes  to 
the  fide  of  the  hill ; and  let  the  joining  at  f be 

below  the  level  of  the  bottom  of  both  thefe  ca- 
verns. 

As  the  water  rifes  in  the  cavern  B , it  will  rife 
as  high  in  the  channel  Ee  F:  and  when  it  rifes 
to  the  top  of  that  channel  at  e,  it  will  run  down' 
the  part  eFQt  and  make  a fwell  in  the  fpring 
G which  will  continue  till  all  the  water  is  drawn 

F,  1^1  CaVe-fn  By  by  the  natural  fyphon 
carries  off  the  water  fatter  from  B 

an.  the  channel  D brings  water  to  it)  and  then 

the  fu  e 1 will  flop,  and  only  the  fmall  channel 

cavern  /?  Ufii!  T***  f°  the  ^ G>  ciI1  the 
ern  B is  filled  to  B again  by  the  rill  D • and 

then  the  water  being  at  ?he  top"  , of  the  channel 

Ee  F,  that ' channel  will  aft  again  as  a fyphon 

and  carry  off  all  the  water  from  B to  thelpring 

urorf.  h make  a f've]li,!8  flow  of  water  ^ « 

To  tlluflrate  this  by  a machine  (Fig.  2.)  let  A 
be  a large  wooden  box,  filled  with  water  • and 

fixed  into  i!'pehC  C fthr  upper  end  of  w]l'ich  >s 
V*  d ? u hc  botIom  of  thc  box)  carry  water 

fia^iv  n “ ct0  G>  *h«  “ »iU  run  off  con. 
pipe  D carry3 wat3^  P""3'  Let  another  ima11 

box  or  we'lVf  ?■  *e  6mc  b“  » the 

r« 

£*Vr 

pipe  ri.es  ,nfhe  welf«  t*  'of  T5'- from  this 
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full  to  the  top  e,  the  water  will  run  over  the 
bend  ei  down  the  part  e F,  and  go  off  at  the 
mouth  G ; which  will  make  a great  flream  at 
G:  and  that  ftream  will  continue,  till  the  fyphon 
has  carried  off  all  the  water  from  the  well  B j 
the  fyphon  carrying  off  the  water  fafter  from  B 
than  the  pipe  D brings  water  to  it : and  then 
the  fwell  at  G will  ceafe,  and' only  the  water 
from  the  fmall  pipe  C C will  run  off  at  G,  till 
the  pipe  D fills  the  well  B again ; and  then 
the  fyphon  will  run,  and  make  a fwell  at  G as 
before. 

And  thus,  we  have  an  artificial  reprefentation 
of  an  ebbing  and  flowing  well,  and  of  a reci- 
procating fpring,  in  a very  natural  and  fimple 
manner. 


HYDRAULICS. 

An  Account  of  the  Principles  hy  vjhich  Mr.  Blakey 
propofes  to  raife  Water  from  Mines , or  from 
Rivers,  to  Jupply  Towns  and  Gentlemen's  Seats , 
by  his  new-invented  Fire-Engine,  for  which  he 
has  received  His  MajestyV  Patent. 

ALTHOUGH  I am  not  at  liberty  to  de- 
feribe  the  whole  of  this  fimple  engine,  yet 
I have  the  patentee’s  leave  to  deferibe  fuch  a one 
as  will  Ihew  the  principles  by  which  it  a£ts. 

\ f t « . , . r • ' - 

In  Fig.  4.  of  Plate  IV.  let  i be  a large, 
ftrong,  clofe  veffcl  j immerfed  in  water  up  to 
the  cock  b , and  having  a hole  in  the  bottom, 
with  a valve  a upon  it,  opening  upward  within 
the  velfel.  A pipe  B C rifes  from  the  bottom 
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of  this  veffel,  and  has  a cock  c in  if  near  the 
top,  which  is  fmall  there,  for  playing  a very 
h'gh  jet  d.  E is  the  little  boiler  foot  to  big  as 
a common  tea-kettle)  which  is  connected  with 
the  veffel  A by  the  fteam -pipe  F and  G is  a 
funnel,  through  which  a little  water  muft  be 
occaftonally  poured  into  the  boiler,  to  yield  a 
proper  quantity  of  fteam.  And  a fmall  quantity 
of  water  will  do  for  that  purpofe,  becaufe  fteam 
pofftffes  upward  of  14,000  times  as  much  fpace  . 
or  "bulk  as  the  water  does  from  which  it  pro- 
ceeds. 


The  veffel  A being  immerfed  in  water  up  to 
the  cock  b,  open  that  cock,  and  the  water  will 
rufh  in  through  the  bottom  of  the  veffel  at  a , 
2nd  fill  it  as  high  up  as  the  water  ftands  on  its 
outfide  ; and  the  water,  coming  into  the  veffel, 
will  drive  the  air  out  of  it  (as  high  as  the  water 
rifes  within  it)  through  the  cock  b.  When  the 
water  has  done  ruffing  into  the  veffel,  ffut  the 
cock  bt  and  the  valve  a will  fall  down,  and  hin- 
der the  water  from  being  puffed  out  that  way, 
bv  any  force  that  preffes  on  its  furface.  All 
the  part  of  the  veffel  above  b3  will  be  full  of 
common  air,  when  the  water  rifes  to  b. 

Shut  the  cock  c3  and  open  the  cocks  d and  <?; 
then  pour  as  much  water  into  the  boiler  E 
{ ! 1 rough  the  funnel  G)  as  will  about  half  fill  the 

be  e,  ; *nd  then  ffut  the  cock  d>  and  leave  the 
cuck  e open. 


This  done,  make  a fire  under  the  boiler  E 
and  the  heat  thereof  will  raiff  a fteam  from  the 
water  in  the  boiler  i and  the  fteam  will  make 
its  way  thence,  through  the  pipe  F-t  into  the 

e 4 veffel 
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veflel  As  and  the  (learn  will  comprefs  the  air 
(above  b)  with  a very  great  force  upon  the  fur- 
face  of  the  water  in  A. 

When  the  top  of  the  veflel  A feels  very  hot 
by  the  fleam  under  it,  open  the  cock  c in  the 
pipe  C\  and  the  air  being  ftrongly  compreffccl 
in  Ay  between  the  fleam  and  the  water  therein, 
will  drive  all  the  water  out  of  the  vcflcl  A,  up 
the  pipe  B C>  from  which  it  will  fly  up  in  a jet 
to  a very  great  height.' — In  my  fountain,  which 
is  made  in  this  manner  after  Mr.  Blakey’s, 
three  tea- cup • fulls  of  water  in  the  boiler  will 
afford  fleam  enough  to  play  a jet  30  feet 
high. 

When  all  the  water  is  out  of  the  veflel  A , and 
the  comprefled  air  begins  to  follow  the  jet,  open 
the  cocks  b and  d to  let  the  fleam  out  of  the 
boiler  E and  veflel  A,  and  fhut  the  cock  e to 
prevent  any  more  fleam  from  getting  into  A ; 
and  the  air  will  ruffe  into  the  velfel  A through 
the  cock  b,  and  the  water  through  the  valve  a ; 
and  fo  the  velfel  will  be  filled  up  with  water  to 
the  cock  b as  before.  Then  (hut  the  cock  b and 
■the  cocks  c and  dt  and  open  the  cocke;  and 
then,  the  next  fleam  that  rifes  in  the  boiler  will 
make  its  way  into  the  vcflcl  A again ; and  the 
•operation  will  go  on,  as  above. 

When  all  the  water  in  the  boiler  E is  evapo- 
rated, and  gone  oil  into  fleam,  pour  a little  more 
into  the  boiler,  through  the  funnel  G. 

In  order  to  make  this  engine  raife  water  to 
any  eentltmaa’s  houfe  ; if  the  houfe  be  on  the 
bank  of  a river,  the  pipe  B C may  be  continued 
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up  to  the  intended  height,  in  the  dire&ion  HI. 
Or,  if  the  houfe  be  on  the  fide  or  top  of  a hill,  at 
a diftance  from  the  river,  the  pipe,  through 
which  the  water  is  forced  up,  may  be  laid  along 
on  the  hill,  from  the  river  or  fprin°'  to  the 
houfe. 

The  boiler  may  be  fed  by  a fmall  pipe  K, 
from  the  water  that  rifes  in  the  main  pipe 
^ H pipe  K being  of  a very  fmall  bore, 
lo  as  to  hi!  the  funnel  G with  water  in  the  time 
tnat  the  boiler  E will  require  a frelh  fupply. 
And  then  by  turning  the  cock  d,  the  water  will 
fall  from  the  funnel  into  the  boiler.  ' The  fun- 

nel  ihould  hold  as  much  water  as  will  about  half 
nil  the  boiler. 

When  either  of  thefe  methods  of  raifing  water, 
perpendicularly  . or  obliquely,  is  ufed,  there  will 

ofn T Irrl?"  e°r  thc  cock  ‘ in  the  main 

pipe  BCHIr  for  fuch  a cock  is  requiftte  only 

when  the  engine  is  ufed  as  a fountain.  Y 

A contrivance  may  be  very  eafily  made,  from 
a lever  to  the  cocks  b,  d,  and  fo  that,  by  puf 
»ng  the  lever,  the  cocks  b and  d may  be  opened 
when  the  cock  e muft  be  (hut;  and  the  cock  e 
be  opened  when  b and  d mull  be  (hut. 

berry  for  the  flamefoThe  fit  uX  tl 
aicend  round  about  it  Rv  whi  i f boi,er  to 
wall  not  covering  the  funndGl  h 

boiler 
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boiler  will  not  be  chilled  by  letting  cold  water 
into  it;  and  the  rifing  of  the  fleam  will  be  fo 
much  the  quicker. 

• 

Mr.  Blakey  is  the  only  perfon  whoever  thought 
of  making  ufe  of  air  as  an  intermediate  body  be- 
tween fleam  and  water : by  which  means,  the 
fleam  is  always  kept  from  touching  the  water, 
and  confequently  from  being  condenfed  by  it. 
And,  on  this  new  principle,  he  has  obtained  a 
patent:  fo  that  no  one  (vary  the  engine  how  he 
will)  can  make  ufe  of  air  between  fleam  and 
water,  without  infringing  on  the  patent,  and 

being  fubjedt  to  the  penalties  of  the  law. 

* 

This  engine  may  be  built  for  a trifling  ex- 
pence, in  comparifon  of  the  common  fire  engine 
now  in  ufe  : it  will  feldom  need  repairs,  and 
will  not  confume  half  fo  much  fuel.  And  as  ic 
has  no  pumps  with  piflons,  it  is  clear  of  all  their 
fridlion : and  the  effedt  is  equal  to  the  whole 
flrength  or  compreflive  force  of  the  fleam : which 
the  effedt  of  the  common  fire  engine  never  is,  on 
account  of  the  great  fridtion  of  the  piflons  in 
their  pumps. 

ARCHIMEDES’^  Screw-Engine  for  raijing 

Water. 

In  Fig.  i.  of  Plate  VI.  A BCD  is  a 
wheel,  which  is  turned  round,  according  to  the 
order  of  the  letters,  by  the  fall  of  water  E F, 
which  need  not  be  more  than  three  feet.  The 
axle  G of  the  wheel  is  elevated  fo,  as  to  make 
an  angle  of  about  44  degrees  with  the  horizon? 
and  on  the  top  of  that  axle  is  a wheel  H , which 
turns  l'uch  another  wheel  / of  the  lame  number 
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of  teeth : the  axle  K of  this  laft  wheel  being  pa- 
rallel to  the  axle  G of  the  two  former  wheels. 

The  axle  G is  cut  into  a double-threaded 
ferew  (as  in  Fig.  i.)  exaCtly  refembling  the  (crew- 
on  the  axis  of  che  fly  of  a common  jack,  which 
mult  be  (what  is  called)  a right-handed  ferew, 
like  the  wood-ferews,  if  the  firft  wheel  turns  in 
the  direilionyf  B CD  ; but  muft  be  a left-handed 
ferew,  if  the  ftream  turns  the  wheel  the  contrary 
way.  And,  which-ever  way  the  ferew  on  the 
axle  G be  cut,  the  ferew  on  the  axle  K muft  be 
cut  the  contrary  way  j becaufe  thefe  axles  turn 
in  contrary  directions. 

The  (crews  being  thus  cut,  they  muft  be  co- 
vered clofe  over  with  boards,  like  thofe  of  a cy- 
lindrical calk  ; and  then  they  will  be  fpiral  tubes. 
Or,  they  may  be  made  of  tubes  of  ftifF  leather, 
and  wrapt  round  the  axles  in  (hallow  grooves  cut 
therein  j as  in  Fig.  3.  ' 

The  lower  end  of  the  axle  G turns  conftantly 
in  the  ftream  that  turns  the  wheel,  and  the  lower 
ends  of  the  fpiral  tubes  are  open  into  the  water. 
So  that,  as  the  wheel  and  axle  are  turned  round, 
the  water  riles  in  the  fpiral  tubes,  and  runs  out 
at  A,  through  the  holes  M Ns  as  they  come 
about  below  the  axle.  Thefe  holes  (of  which 
there  may  be  any  number,  as  four  or  fix)  are  in 
a broad  clofe  ring  on  the  top  of  the  axle,  into 
which  ring,  the  water  is  delivered  from  the 
upper  open  ends  of  the  ferew-tubes,  and  falls 
into  the  open  box  N. 

The  lower  end  of  the  axle  K turns  on  a 
gudgeon,  in  the  water  in  N j and  the  fpiral 
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tubes  in  that  axle  take  up  the  water  from  TV, 
and  deliver  it  into  fuch  another  box  under  the 
top  of  K ; on  which  there  may  be  fuch  another 
wheel  as  Iy  to  turn  a third  axle  by  fuch  a wheel 
upon  it. — And  in  this  manner,  water  may  be 
naj Ted  to  any  given  height,  when  there  is  a ftream 
iufficient  for  that  pur  pole  to  a£t  on  the  broad 
float-boards  of  the  firft  wheel. 


A quadruple  Pump -Mill  for  raifing  Water, 

This  engine  is  reprefented  in  Plate  VII. 
in  which  A BCD  is  a wheel,  turned  by  water 
according  to  the  order  of  the  letters.  On  the 
horizontal  axis  are  four  fmall  wheels,  toothed 
almoft  half  round  : and  the  parts  of  their  edges 
on  which  there  are  no  teeth  are  cut  down  fo,  as 
to  be  even  with  the  bottoms  of  the  teeth  where 
they  Hand. 

The  teeth  of  thefe  four  wheels  take  alternately 
into  the  teeth  of  four  racks,  which  hang  by  two 
chains  over  the  pullies  and  L ; and  to  the 
lower  ends  of  thefe  racks  there  are  four  iron 
rods  fixed,  which  go  down  into  the  four  forcing 
pumps,  S,  R , M,  and  N.  And,  as  the  wheels 
turn,  the  racks  and  pump-rods  are  alternately 
moved  up  and  down. 

Thus,  fuppofe  the  wheel  G has  pulled  down 
the  rack  /,  and  drawn  up  the  rack  K by  the 
chain  ; as  the  laft  tooth  of  G juft  leaves  the 
uppermoft  tooth  of  /,  the  firft  tooth  of  H is 
ready  to  take  into  the  lowermoft  tooth  of  the 
rack  K and  pull  it  down  as  far  as  the  teeth  go ; 
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and  then  the  rack  I is  pulled  upwards  through 
the  whole  fpace  of  its  teeth,  and  the  wheel  G is 
ready  to  take  hold  of  ir,  and  pull  it  down  again, 

and  fo  draw  up  the  other. -In  the  fame 

manner,  the  wheels  E and  F work  the  racks  O 
and  P. 

Thefe  four  wheels  are  fixed  on  the  axle  of  the 
great  wheel  in  fuch  a manner,  with  refpect  to 
the  pofition  of  their  teeth,  that,  while  they  con- 
tinue turning  round,  there  never  is  one  inftantof 
time  in  which  one  or  other  of  the  pump-rods  is 
not  going  down,  and  forcing  the  water.  So 
that,  in  this  engine,  there  is  no  occafion  for 
having  a general  air-vefiel  to  all  the  pumps,  to 
procure  a conftant  ftream  of  water  flowing  from 
the  upper  end  of  the  main  pipe. 

The  piflons  of  thefe  pumps  are  folid  plungers ; 
the  fame  as  defcribed  in  the  fifth  Ledture  of  my 
book,  to  which  this  is  a Supplement.  See  Plate 
XI.  Fig.  4.  of  that  book , with  the  defer  ft  ion  of 
the  figure. 

From  each  of  thefe  pumps,  near  the  loweft 
end,  in  the  water,  there  goes  off  a pipe  ; with  a 
valve  on  its  fartheft  end  from  the  pump;  and 
thefe  ends  of  the  pipes  all  enter  one  dole  box, 
into  which  they  deliver  the  water:  and  inro  this 
box,  the  lower  end  of  the  main  condudl  pipe  is 
fixed.  So  that,  as  the  water  is  forced  or  pufhed 
into  this  box,  it  is  alfo  pufhed  up  the  main  pipe 
to  the  height  that  it  is  intended  to  be  raifed. 

There  is  an  engine  of  this  fort  defcribed  in 
Ramelli's  work:  but  I can  truly  fay,  that  I 

never 
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never  faw  it  till  fome  time  after  I had  made  this 
model. 

The-  faid  model  is  not  above  twice  as  bi^  as 
the  figure  of  it,  here  defcribed.  I turn  it  bv  a 
winch  fixed  on  the  gudgeon  of  the  axle  behind 
the  water-wheel  ; and,  when  it  was  newly  made, 
and  the  piftons  had  valves  in  goad  order,  I put 
tin  pipes  15  feet  high  upon  it,  when  they  were 
joined  together,  to  fee  what  it  could  do.  And 
I found,  that  in  turning  it  moderitely  by  the 
winch,  it  would  raife  a hogfliead  of  water  in  a 
hour,  to  the  height  of  1 5 feer. 

DIALING. 

The  univerfal  Dialing  Cylinder. 

TN  Fig.  1.  of  Plate  VIII.  ABCD  re- 
-*•  prefents  a cylindrical  glafs  tube,  clofed  at 
both  ends  with  brafs  plates,  and  having  a wire  or 
axis  EFG  fixt  in  the  centers  of  the  brafs  plates 
at  top  and  bottom.  This  tube  is  fixed  to  a ho- 
rizontal board  H,  and  its  axis  makes  an  angle 
with  the  board  equal  to  the  angle  of  the  earth’s 
axis  with  the  horizon  of  any  given  -place,  for 
which  the  cylinder  is  to  ferve  as  a dial.  And  it 
muft  be  fet  with  its  axis  parallel  tonhe  axis  of 
the  world  in  that  place  ; the  end  E pointing  to 
the  elevated  pole.  Or,  it  may  be  made  to  move 
upon  a joint  i and  then  it  may  be  elevated  for 
any  particular  latitude. 

There  are  24  ftraight  lines,  drawn  with  a dia- 
mond, on  the  outlide  of  the  glafs,  equidiflant 
from  each  other,  and  all  of  them  parallel  to  the 
axis.  Thefe  are  the  hour-lines:  and  the  hours 
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are  fet  to  them  as  in  the  figure  : the  XII  next  B 
Hands  for  midnight,  and  the  oppofite  XII,  next 
the  board  H , Hands  far  mid-day  or  noon. 

The  axis  being  elevated  to  the  latitude  of  the 
place,  and  the  foot-board  fet  truly  level,  with  the 
black  line  along  its  middle  in  the  plane  of  the 
meridian,  and  the  end  ./V -toward  the  north;  the 
axis  E F G will  ferve  as  a Hile  or  gnomon,  and 
call  a fhadow  on  the  hour  of  the  day,  among  the 
parallel  hour-lines  when  the  fun  fhines  on  the 
machine.  For,  w the  fun’s  apparent  diurnal 
motion  is  equable  in  the  heavens,  the  fhadow  of 
the  axis  will  move  equably  in  the  tube  ; and  will 
always  fall  upon  that  hour- line  which  is  oppofite 
to  the  fun,  at  any  given  time. 

■ 1 I V • I 

'The  brafs  plate  A D]  at  the  top,  is  parallel  to 
the  equator,  and  the  axis  EFG  is  perpendicular 
to  it.  If  right  lints  be  drawn  from  the  center  of 
this  plate,  to  the  upper  ends  of  the  equidjHant 
parallel  lines  on  the  outfide  of  the  tube ; thefe 
right  lines  will  be  the  hour-lines  on  the  equi- 
noflial  dial  AD,  at  15  degrees  difiance  from 
each  other : and  the  hour-letters  may  be  fet  to 
them  as  in  the  figure.  Then,  as  the  fhadow  of 
the  axis  within  the  tube  comes  on  the  hour-lines 
of  the  tube,  it  will  cover  the  like  hour-lines  on 
the  equino&ial  plate  AD. 

If  a fhin  horizontal  plate  ef  be  put  within  the 
tube,  fo  as  its  edge  may  touch  the  tube  all 
around;  and  right  lines  be  drawn  from  the  center 
of  that  plate  to  thofe  points  of  its  edge  which  are 
cut  by  the  parallel  hour-lines  on  the  tube  ; thefe 
right  lines  will  be  the  hour-lines  of  a horizontal 
dial,  for  the  latitude  to  which  the  tube  is  ele- 
vated. 
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vated.  For,  as  the  fhadow  of  the  axis  comes 
fucceffively  to  the  hour-lines  of  the  tube,  and 
covers  them,  it  will  then  cover  the  like  hour- 
lines  on  the  horizontal  plate  ef,  to  which  the 
hours  may  be  fet ; as  in  the  figure. 

If  a thin  vertical  plate  g C,  be  put  within  the 
tube,  fo  as  to  front  t > meridian  or  12  o’clock 
line  thereof,  and  the  edge  of  this  plate  touch 
the  tube  all  around  ; and  then,  if  right  lines  be 
drawn  from  the  center  of  the  plate  to  thofe  points 
of  its  edge  which  are  cut  by  the  parallel  hour- 
lines on  the  tube  , thefe  right  lines  will  be  the 
hour-lines  of  a vertical  fouth  dial : and  the  fha- 
dow  of  the  axis  will  cover  them  at  the  fame  times 
when  it  covers  thofe  of  the  tube. 

If  a thinplate  be  put  within  the  tube,  fo  as  to 
decline,  or  incline,  or  recline,  by  any  given  num- 
ber of  degrees  ; and  right  lines  be  drawn  from 
its  center  to  the  hour-lines  of  the  tube  thefe 
right  lines  will  be  the  hour-lines  of  a declining, 
inclining,  or  reclining  dial,  anfwering  to  the  like 
number  of  degrees,  for  the  latitude  to  which  the 
tube  is  elevated. 

And  thus,  by  this  fimple  machine,  all  the  prin- 
ciples of  dialing  are  made  very  plain,  and  evident 
to  the  fight.  And  the  axis  of  the  tube  (which 
is  parallel  to  the  axis  of  the  world  in  every  lati- 
tude to  which  it  is  elevated)  is  the  ftile  or  gno- 
mon for  all  the  different  kinds  of  fun-dials. 

And  laftlv,  if  the  axis  of  the  tube  be  drawn 
out,  with  the  plates  A D>  ef3  and  g C upon  it  3 
and  fet  it  up  in  fun-fhine,  in  the  fame  pofition  as 
they  were  in  the  tubes  you  will  have  an  equi- 
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no&ial  dial  AD,  a horizontal  dial  ef,  and  a ver- 
tical South  dial  gC ; on  all  which,  the  time  of 
the  day  will  be  {hewn  by  the  fhadow  of  the  axis 
or  gnomon  EFG. 


Let  us  now  fuppofe  that,  inftead  of  a glafs 
tube,  A BCD  Is  a cylinder  of  wood;  on  which 
the  24  parallel  hour-lines  are  drawn  all  around, 
at  equal  diftances  from  each  other  ; and  that, 
from  the  points  at  .top,  where  thefe  lines  end, 
right  lines  are  drawn  toward  the  center,  on  the 
flat  furface  AD.  Thefe  right  lines  will  be  the 
hour-lines  on  an  equinoctial  dial,  for  the  latitude 
of  the  place  to  which  the  cylinder  is  elevated 
above  the  horizontal  foot  or  pedeftal  H;  and 
they  are  equidiflant  from  each  other,  as  in  Fig.  2. 
which  is  a full  view  of  the  flat  furface  or  top 
AD  of  the  cylinder,  feen  obliquely  in  Fig.  1. 
And  the  axis  of  the  cylinder  (which  is  a ftraight 
wire  EFG  all  down  its  middle)  is  the  ftile  or 
gnomon;  which  is  perpendicular  to  the  plane 
of  the  equinoctial  dial,  as  the  earth’s  axis  is  per- 
pendicular to  the  plane  of  the  equator. 


1 o make  a horizontal  dial  by  the  cylinder, 
for  any  latitude  to  which  its  axis  is  elevated; 
draw  out  the  axis  and  cut  the  cylinder  quite 
through,  as  at  ehfg,  parallel  to  the  horizontal 

b°arrd4?’  and  take  off  the  top  part  eADfe ; and 
the  feftion  ehfgc  will  be  of  an  elliptical  form, 
as  m Fig.  3.  Then,  from  the  points  of  this 
lectton  (on  the  remaining  part  eBCf)  where 
the  paral  el  lines  on  the  outfide  of  the  cylinder 

meet  it,  draw  right  lines  to  the  center  of  the 
eftion:  and  they  will  be  the  true  hour-lines  for  a 

b --  ‘r  f la  5 as  f b c da  in  Fig.  3.  which  may 
be  mcluded  m a circle  drawn  on  that  feffiott. 

F f Then 
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Then  put  the  wire  into  its  place  again,  and  it 
■will  be 'a  ftile  for  calling  a fhadow  on  the  time 
of  the  day,  on  that  dial.  So,  E (Fig.  3.)  is  the 
ftile  of  the  horizontal  dial,  parallel  to  the  axis 
of  the  cylinder. 

To  make  a vertical  fouth  dial  by  the  cylin- 
der, draw  out  the  axis,  and  cut  the  cylinder 
perpendicularly  to  the  horizontal  board  H , as  at 
g i C kg,  beginning  at  the  hour-line  ( BgeA ) of  | 
XII,  and  making  the  fedlion  at  right  angles  to  j 
the  line  SHN  on  the  horizontal  board.  Then, 
takeoff  the  upper  part  g AD  C,  and  the  face  of  ] 
the  fe&ion  thereon  will  be  elliptical,  as  fhewn  in  I 
Fig.  4.  From  the  points  in  the  edge  of  this  fee-  ] 
tion,  where  the  parallel  hour-lines  on  the  round  1 
l'urface  of  the  cylinder  meet  it,  draw  right  lines  I 
to  the  center  of  the  fedlion ; and  they  will  be  I 
the  true  hour-lines  on  a vertical  direft  fouth  dial,  I 
for  the  latitude  to  which  the  cylinder  was  ele- 1 
vated  : and  will  appear  as  in  Fig.  4.  on  which  I 
the  vertical  dial  may  be  made  of  a circular  fliape,| 
or  of  a lquare  Ihape  as  reprefented  in  the  figure.  I 
And  F will  be  its  ftile  parallel  to  the  axis  of  the! 
cylinder. 

And  thus,  by  cutting  the  cylinder  any  way,i 
fo  as  its  fection  may  either  incline,  or  decline,  or . 
recline,  by  any  given  number  of  degrees  ; andj 
from  thofe  points  on  the  edge  of  the  fe£lion  ; j 
where  the  outfide  parallel  hour-lines  meet  it; ; 
draw  right  lines  to  the  center  of  the  feclion  ; and  ; 
they  will  be  ,the  true  hour-lines,  for  the  like  de- 
clining, reclining,  or  inclining  dial : and  the 
axis  of  the  cylinder  will  always  be  the  gnomon 
or  ftile  of  the  dial.  For;  .which. ever  way  the 
plane  of  the  dial  lies,  its  ftile  for  the  edge  thereof 
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that  cads  the  fhadow  on  the  hours  of  the  day) 
mud  be  parallel  to  the  earth’s  axis,  and  point 
toward  the  elevated  pole  of  the  heaven. 

T ? delineate  a Sun-Dial  on  Paper ; ‘which , when 
pajled  round  a Cylinder  of  Wood,  fhall  J, hew  the 
Dime  of  the  Day,  the  Sim’s  Place  in  the  Ecliptic, 
and  his  Altitude,  at  any  Dime  of  Obfervation . > 
See  Plate  IX. 

Draw  the  right  line  aAB,  parallel  to  the  top 
of  the  paper ; and,  with  any  convenient  opening 
of  the  compafies,  fet  one  foot  in  the  end'  of  the 
line,  at  a,  as  a center,  and  with  the  other  foot  de- 
fcribe  the  quadrantal  arc  AE,  and  divide  it  into 
go  equal  parts  or  degrees.  Draw  the  right  line 
A C,  at  right  angles  to  aAB,  and  touching  the 
quadrant  AE  at  the  point  A.  Then,  from  the 
center  a,  draw  right  lines  through  as  many  de- 
grees of  the  quadrant  as  are  equal  to  the  fun’s  al- 
titude at  noon,  on  the  longed  day  of  the  year,  at 
the  place  for  which  the  dial  is  to  ferve  ; which 
altitude,  at  London,  is  62  degrees : and  continue 
thefe  right  lines  till  they  meet  the  tangent  line  AC; 
and,  from  thefe  points  of  meeting,  draw  draight 
lines  acrofs  the. paper,  parallel  to  the  fird  right 
line  AB,  and  they  will  be  the  parallels  of  the 
fun’s  altitude,  in  whole  degrees,  from  fun-rife 
till  fun-let,  on  all  the  days  of  the  year. — Thefe 
parallels  of  altitude  mud  be  drawn  out  to  the 
right  line  BD,  which  mud  be  parallel  to  A C,  and 
as  far  from  it  as  is  equal  to  the  intended  circum- 
ference of  the  cylinder  on  which  the  paper  is  to 
be  paded,  when  the  dial  is  drawn  upon  it. 

Divide  the  fpace  between  the  right  lines  A C 
and  BD  (at  top  and  bottom)  into  twelve  equal 

F f 2 parts, 


6 


DIALING. 


parts,  for  the  twelve  figns  of  the  ecliptic ; and, 
from  mark  to  mark  of  thefe  divifions  at  top  and 
bottom,  draw  right  lines  parallel  to  AC  and 
BD  ; and  place  the  charadters  of  the  12  figns  in 
thefe  twelve  fpaces,  at  the  bottom,  as  in  the  figure: 
beginning  with  Vj?  or  Capricorn,  and  ending  with 
X or  Pifces.  The  fpaces  including  the  figns 
fhould  be  divided  by  parallel  lines  into  halves; 
and  if  the  breadth  will  admit  of  it  without  con- 
fufion,  'into  quarters  alfo. 

At  the  top  of  the  dial,  make  a fcale  of  the 
months  and  days  of  the  year,  fo  as  the  days  may 
Hand  over  the  fun’s  place  for  each  of  them  in 
the  figns  of  the  ecliptic.  The  fun’s  place,  for 
every  day  of  the  year,  may  be  found  by  any 
common  ephemeris  : and  here  it  will  be  bed  to 
make  ule  of  an  ephemeris  for  the  fecond  year 
after  leap-year  : as  the  nearefl:  mean  for  the  fun’s 
place  on  the  days  of  the  leap-year,  and  on  thofe 
ofthefirft,  fecond,  and  third  year  after. 

Compute  the  fun’s  altitude  for  every  hour  (in 
the  latitude  of  your  place)  when  he  is  in  the 
beginning,  middle,  and  end  of  each  fign  of  the 
ecliptic  ; his  altitude  at  the  end  of  each  fign 
being  the  fame  as  at  the  beginning  of  the  next. 
And,  in  the  upright  parallel  lines,  at  the  begin- 
ning and  middle  of  each  fign,  make  marks  for 
thefe  computed  altitudes  among  the  horizontal 
parallels  of  altitude,  reckoning  them  downard, 
according  to  the  order  of  the  numeral  figures  fet 
to  them  at  the  right  hand,  anfwering  to  the  like 
divifions  of  the  quadrant  at  the  left.  And, 
through  thefe  marks,  draw  the  curve  hour-lines, 
and  fet  the  hours  to  them,  as  in  the  figure, 
reckoning  the  forenoon  hours  downward,  and 
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the  afternoon  hours' up  wards. — The  fun’s  altitude 
fhould  alfo  be  computed  for  the  half  hours  ; and 
the  quarter-lines  may  be  drawn,  very  nearly,  in 
their  proper  places,  by  eftimation  and  accuracy  of 
the  eye.  Then,  cut  off  the  paper  at  the  left  hand, 
on  which  the  quadrant  was  drawn,  clofe  by  the 
right  line  AC,  and  all  the  paper  at  the  right  hand 
clofe  by  the  right  line  BD\  and  cut  it  alfo  clofe 
by  the  top  and  bottom  horizontal  lines ; and  it 
will  be  fit  for  pafting  round  the  cylinder. 

This  cylinder  is  reprefented  in  miniature  by 
Fig.  i.  Plate  X.  It  fhould  be  hollow,  to  hold 
the  ftile  DE  when  it  is  not  ufed.  The  crooked 
end  of  the  fiile  is  put  into  a hole  in  the  top  AD 
of  the  cylinder ; and  the  top  goes  on  tightifh,  but 
muff  be  made  to  turn  round  on  the  cylinder,  like 
the  lid  of  a paper  fnuff-box.  The  ftile  mull 
ftand  ftraight  out,  perpendicular  to  the  fide  of  the 
cylinder,  juft  over  the  right  line  AB  in  Plate 
IX,  where  the  parallels  of  the  fun’s  altitude  begin: 
and  the  length  of  the  ftile,  or  diftance  of  its  point 
e from  the  cylinder,  muft  be  equal  to  the  radius 
a A of  the  quadrant  AE  in  Plate  IX. 

The  method  of  ufing  this  dial  is  as  follows. 

Place  the  horizoptal  foot  BC  of  the  cylinder 
on  a level  table  where  the  fun  Haines,  and  turn  the 
top  AD  till  the  ftile  (lands  juft  over  the  day  of 
the  then  prefent  month.  Then  turn  the  cylin- 
der about  on  the  table,  till  the  fhadow  of  the 
ftile  falls  upon  it,  parallel  to  thofe  upright  lines 
which  divide  the  figns  ; that  is,  till  the  (hadow 
be  parallel  to  a fuppofed  axis  in  the  middle  of 
the  cylinder : and  then,  the  point,  or  lowed  end 
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of  the  fhadow,  will  fall  upon  the  time  of  the  day, 
as  it  is  before  or  after  noon,  among  the  curve  hour, 
lines ; and  will  {hew  the  fun’s  altitude  at  that  time 
among  the  crofs  parallels  of  his  altitude,  which 
go  round  the  cylinder:  and,  at  the  fame  time,  it 
will  {hew  in  what  fign  of  the  ecliptic  the  fun  then 
is,  and  you  may  very  nearly  guefs  at  the  degree 
of  the  fign,  by  eftimation  of  the  eye. 

The  ninth  plate,  on  which  this  dial  is  drawn, 
may  be  cut  out  of  the  book,  and  palled  round  a 
cylinder  whofe  length  is  6 inches  and  6 tenths  of 
an  inch  below  the  moveable  top;  and  its  diameter 
2 inches  and  24  hundred  parts  of  an  inch. — Or,  I 
fuppofe  the  copper-plate  prints  of  it  may  be  had  of 
the  boolcfellers  in  London.  But  it  will  only  do  for 
London,  and  other  places  of  the  fame  latitude. 

When  a level  table  cannot  be  had,  the  dial  may 
be  hung  by  the  ring  F at  the  top.  And  when  it 
is  not  ufed,  the  wire  that  ferves  for  a {tile  may 
be  drawn  out  and  put  up  within  the  cylinder  5 
and  the  machine  carried  in  the  pocket. 

*To  make  three  Sun-dials  upon  three  different  Planes , 
fo  as  they  may  all  Jhew  the  Time  of  the  Day  by 
one  Gnomon . 

On  the  flat  board  A AC,  defcribe  a horizontal 
dial,  according  to  any  of  the  rules  laid  down  in 
the  Ledture  on  Dialing;  and  to  it  fix  its  gnomon 
FGH,  the  edge  of  the  lhadow  from  the  fide  FG 
being  that  which  lhews  the  time  of  the  day. 

To  this  horizontal  or  flat  board,  join  the  up- 
right board  EDC , touching  the  edge  GH  of 
the  gnomon.  Then  making  the  top  of  the 
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gnomon  at  G the  center  of  the  vertical  fouth  dial, 
defcribe  a fouth  dial  on  the  board  EDC. 

\ 

Laflly,  on  a circular  plate  IK  defcribe  an 
equino&ial  dial,  all  the  hours  of  which  dial  are 
equidiflant  from  each  other,  and  making  a flit 
cd  in  that  dial,  from  its  edge  to  its  center,  in  the 
XII  o’clock  line ; put  the  faid  dial  perpendicu- 
larly on  the  gnomon  FG , as  far  as  the  flit  will 
admit  of;  and  the  triple  dial  wifi  be  fmifhed;  the 
fame  gnomon  ferving  all  the  three,  and  (hewing 
the  fame  time  of  the  day  on  each  of  them. 

An  imivetfal  Dial  on  a plain  Crofs. 

This  dial  is  reprefented  by  Fig.  i.  of  Plate 
XI,  and  is  moveable  on  a joint  C,  for  elevating 
it  to  any  given  latitude,  on  the  quadrant  C o 90, 
as  it  Hands  upon  the  horizontal  board  A.  The 
arms  of  the  crofs  Hand  at  right  angles  to  the  mid- 
dle part;  and  the  top  of  it  from  a to  ?z,  is  of  equal 
length  with  either  of  the  arms  n e or  m li. 

Having  fet  the  middle  line  t u to  the  latitude  of 
your  place,  on  the  quadrant,  the  board  A level, 
and  the  point  N northward  by  the  needle  ; the 
plane  of  the  crofs  will  be  parallel  to  the  plane  of 
the  equator ; and  the  machine  will  be  re&ified.  ' 

Then  from  III  o’clock  in  the  morning,  till 
VI,  the  upper  edge  kl  of  the  arm  io  will  call  a 
fhadow  on  the  time  of  the  day  on  the  fide  of  the 
arm  c m ; from  VI  till  IX  the  lower  edge  i of 
the  arm  io  will  cafl  a fhadow  on  the  holirs  on 
the  fide  0 q.  from  IX  in  the  morning  to  XII  at 
noon,  the  edge  ab  of  the  top  part  an  will  caft  a 
fhadow  on  the  hours  on  the  arm  nef : from  XII 
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to  III  in  the  afternoon,  the  edge  cd  of  the  top 
part  will  call  a lhadow  on  the  hours  on  the 
arm  k l in ; from  III  to  VI  in  the  evening,  the 
<edge  g h will  call  a lhadow  on  the  hours  on 
the  part  ps  ; and  from  VI  till  IX,  the  lhadow 
of  the  edge  e f will  Ihew  the  time  on  the  top 
part  a n. 

The  breadth  of  each  part  a b,  ef,  &c.  mull 
be  lb  great  as  never  to  let  the  lhadow  fall  quite 
without  the  part  or  arm  on  which  the  hours  are 
marked,  when  the  fun  is  at  his  greatell  declina- 
tion from  the  equator. 

To  determine  the  breadth  of  the  fides  of  the 
arms  which  contain  the  hours,  fo  as  to  be  in  jult 
proportion  to  their  length  ; make  an  angle 
ABC  (Fig.  2.)  of  23I  degrees,  which  is  equal 
to  the  fun’s  greatell  declination : and  fuppofe 
the  length  of  each  arm  from  the  fide  of  the  long 
middle  part,  and  alfo  the  length  of  the  top  part 
above  the  arms  to  be  equal  to  B d. 

Then,  as  the  edges  of  the  lhadow  from  each  of 
the  arms  will  be  parallel  to  B e , making  an  angle 
pf  23I  degrees  with  the  fide  B d of  the  arm  when 
the  fun’s  declination  is  23 \ degrees  ; it  is  plain, 
that  if  the  length  of  the  arm  be  B r/,  the  lealT 
breadth  that  it  can  have,  to  keep  the  edge  Be  of 
the  lhadow  B e gd  from  going  off  the  fide  of  the 
arm  d e before  it  comes  to  the  end  e d thereof, 
mull  be  equal  to  e d or  d B.  But  in  order  to 
keep  the  lhadow  within  the  quarter  divifions  of 
the  hours,  when  it  comes  near  the  end  of  the 
arm,  the  breadth  thereof  Ihould  be  Hill  greater, 
fo  as  to  be  almoll  doubled,  on  account  of  the 
diltance  between  the  tips  of  the  arms, 
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To  place  the  hours  right  on  the  arms,  take  the 
following  method : 

, Lay  down  the  crofs  abed  (Fig.  3.)  on  a 
fheet  of  paper ; and  with  a black-lead  pencil  held 
clofe  to  it,  draw  its  fhape  and  fize  on  the  paper. 
Then,  taking  the  length  ae  in  your  compafies, 
and  fetting  one  foot  in  the  comer  a , with  the 

other  foot  deferibe  the  quadrantal  arc  ef. 

Divide  this  arc  into  fix  equal  parts,  and  through 
the  divifion  marks  draw  right  lines,  ag,  ah , &c. 
continuing  three  of  them  to  the  arm  rc,  which 
are  all  that  can  fall  upon  it : and  they  will  meet 
the  arm  in  thefe  points  through  which  the  lines 
that  divide  the  hours  from  each  other  (as  in 
Fig.  1.)  are  to  be  drawn  right  acrofs  it. 

Divide  each  arm,  for  the  three  hours  it  con- 
tains, in  the  fame  manner ; and  fet  the  hours  to 
their  proper  places  (on  the  Tides  of  the  arms)  as 
they  are  marked  in  Fig.  3.  Each  of  the  hour- 
fpaces  fhould  be  divided  into  four  equal  parts,, 
for  the  half  hours  and  quarters,  in  the  quadrant 
ef\  and  right  lines  fhould  be  drawn  through  thefe 
divifion  marks  in  the  quadrant  to  the  arms  of 
the  crofs,  in  order  to  determine  the  places  there- 
on where  the  fub-divifions  of  the  hours  mult  be 
marked. 

*•  - t 
l 

This  is  a very  fimple  kind  of  univerfal  dial ; 
it  is  very  eafily  made,  and  will  have  a pretty  un- 
common appearance  in  a garden. — I have  feen 
a dial  of  this  fort,  but  never  faw  one  of  the  kind 
that  follows : 
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An  uni-verfal  Dial , J hewing  the  Hours  of  the  Day 
by  a terrejlrial  Globe,  and  by  the  Shadows  offevc- 
ral  Gnomons  at  the  fame  dime  : together  with  all 
the  Places  of  the  Earth  which  are  then  enlight- 
ened by  the  Sun;  and  thofe  to  which  the  Sim  is 
then  Rifmg , or  on  the  Meridian , or  Setting. 

This  dial  ( See  Plate  XII.)  is  made  of  a thick 
fquare  piece  of  wood,  or  hollow  metal.  The 
fides  are  cut  into  femicircular  hollows,  in  which 
the  hours  are  placed  ; the  flile  of  each  hollow 
coming  out  from  the  bottom  thereof,  as  far  as 
the  ends  of  the  hollows  projett.  The  corners 
are  cut  out  into  angles,  in  the  infdes  of  which, 
the  hours  are  alio  marked  ; and  the  edge  of  the 
end  of  each  fide  of  the  angle  ferves  as  a ftile  for 
calling  a fhadow  on  the  hours  marked  on  the 
other  fide. 

In  the  middle  of  the  uppermofl  fide  or  plane, 
there  is  an  equinoctial  dial ; in  the  center  where- 
of, an  upright  wire  is  fixt  for  calling  a fhadow 
on  the  hours  of  that  dial,  and  fupporting  a fmall 
terreflrial  globe  on  its  top. 

The,  whole  dial  Hands  on  a pillar,  in  the 
middle  of  a round  horizontal  board,  in  which 
there  is  a compafs  and  magnetic  needle,  for 
placing  the  7iieridian  flile  toward  the  fouth,.  The 
. pillar  'has  a joint  with  a quadrant  upon  it,  divided 
into  90  degrees  (fuppofed  to  be  hid  from  fight 
under  the  dial  in  the  figure)  for  fetting  it  to  the 
latitude  of  any  given  place ; the  fame  way  as 
already  deferibed  in  the  dial  on  the  crofs. 

The  equator  of  the  globe  is  divided  into  24 
equal  parts,  and  the  hours  are  laid  down  upon  it 
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at  thefe  parts.  The  time  of  the  day  may  be  known 
by  thefe  hours,  when  the  fun  fhines  upon  the  globe. 

To  reftify  and  ufe  this  dial,  fet  it  on  a level 
table,  or  foie  of  a window,  where  the  fun  fhines, 
placing  the  meridian  ftile  due  fouth,  by  means 
of  the  needle  ; which  will  be,  when  the  needle 
points  as  far  from  the  north  fleur-de-lis  toward 
the  weft,  as  it  declines  weftward  at  your  place. 
Then  bend  the  pillar  in  the  joint,  till, the  black 
line  on  the  pillar  comes  to  the  latitude  of  your 
place  in  the  quadrant. 

The  machine  being  thus  reftified,  'the  plane  of 
its  dial-part  will ..  be  parallel  to  the  equator, 
the  wire  or  axis  that  fupports  the  globe  will  be 
parallel  to  the  earth’s  axis,  and  the  north  pole 
of  the  globe  will  point  toward  the  north  pole  of 
the  heaven.  " . 

The  fame  hour  will  then  be  {hewn  in  feveral 
of  the  hollows,  by  the  ends  of  the  fhadows  of 
their  refpedlive  lliles.  The  axis  of  the  globe  will 
caft  a fhadow  on  the  fame  hour  of  the  day,  in  the 
equinoctial  dial,  in  the  center  of  which  it  is 
placed,  from  the  20th  of  March  to  the  22d  of 
September  : and,  if  the  meridian  of  your  place 
on  the  globe  be  fet  even  with  the  meridian  ftile, 
all  the  parts  of  the  globe  that  the  fun  filings 
upon,  will  anfwer  to  thofe  places  of  the  real 
earth  which  are  then  enlightened  by  the  fun. 
The  places  where  the  {hade  is  juft  coming  upon 
the  globe,  anfwer  all  to  thofe  places  of  the  earth 
to  which  the  fun  is  then  fetting ; as  the  places 
where  it  is  going  off,  and  the  light  coming  on, 
anfwer  to  all  thofe  places  of  the  earth  where  the 
fun  is  then  rifing.  And  laftly,  if  the  hour  of  VI 
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be  marked  on  the  equator  in  the  meridian  of 
your  place  (as  it  is  marked  on  the  meridian  of 
London  in  the  figure)  the  divifion  of  the  light 
and  fhade  on  the  globe  will  fhew  the  time  of  the 
day. 

The  northern  ftile  of  the  dial  (oppofite  to  the 
fouthern  or  meridian  one)  is  hid  from  fight  in 
, the  figure  by  the  axis  of  the  globe.  The  hours 
in  the  hollow  to  which  that  ftile  belongs,  are 
alfo  fuppofed  to  be  hid  by  the  oblique  view  of 
the  figure : but  they  are  the  fame  as  the  hours  in 
the  front  hollow.  Thofe  alfo  in  the  right  and 
left  hand  femicircular  hollows  are  moflly  hid  from 
fight : and  fo  alfo  are  all  thofe  on  the  fides  next 
the  eye  of  the  four  acute  angles. 

The  conftrudlion  of  this  dial  is  as  follows. 
See  Plate  XIII. 

On  a thick  fquare  piece  of  wood,  or  metal, 

• draw  the  lines  a c and  b d , as  far  from  each  other 
as  you  intend  for  the  thicknefs  of  the  ftile  abed , 
and  in  the  fame  manner,  draw  the  like  thick- 
nefs of  the  other  three  ftiles,  efgh , i k Im , and 
n op  y,  all  {landing  outright  as  from  the  cen- 
ter. 

With  any  convenient  opening  of  the  com- 
paffes,  as  a A (fo  as  to  leave  proper  ftrength 
of  fluff  when  Kl  is  equal  to  a A)  fet  one  foot 
in  a , as  a center,  and  with  the  other  foot  de- 
feribe  the  quadrantal  arc  Ac.  Then,  without 
altering  the  compaffes,  fet  one  foot  in  b as  a 
center,  and  with  the  other  foot  deferibe  the  qua- 
drant d B.  All  the  other  quadrants  in  the  figure 
muft  be  deferibed  in  the  fame  manner,  and  with 
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the  fame  opening  of  the  compares,  on  their 
centers  e,f ; k ; and  n , o : and  each  quadrant 
divided  into  6 equal  parts,  for  fo  many  hours, 
as  in  the  figure ; each  of  which  parts  mufl  be 
fub-divided  into  4,  for  the  half  hours  and  quar- 
ters. 

At  equal  diftances  from  each  corner,  draw  the 
right  lines  Ip  and  Kp , Lq  and  M q,  Nr  and 
Or,  Ps  and  Jz*j ; to  form  the  four  angular 
hollows  l p K,  L q M , Nr  0,  and  P s mak- 
ing the  dillances  between  the  tips  of  thefe  hol- 
lows, as  IK,  LM,  NO  and  PJ^,  each  equal 
to  the  radius  of  the  quadrants ; and  leaving  fuf- 
ficient  room  within  the  angular  points,  p,  q,  r, 
and  s,  for  the  equino&ial  circle  in  the  middle. 

To  divide  the  infides  of  thefe  angles  properly 
for  the  hour-fpaces  thereon,  take  the  following 
method  : 

' - ' ' . r.  ' 

Set  one  foot  of  the  compafies  in  the  point  I, 
as  a center ; and  open  the  other  to  K and  with- 
that  opening,  defcribe  the  arc  K t : then  with- 
out altering  the  compafies,  fet  one  foot  in  K , 
and  with  the  other  foot  defcribe  the  arc  It. 
Divide  each  of  thefe  arcs,  from  I and  K to  their 
interfe&ion  at  t,  into  four  equal  parts  ; and 
^rom.  centers  I and  K,  through  the  points 
of  divifion,  draw  the  right  lines73,  1 4,  1 5, 
16,  Iy  ; and  K 2,  K 1,  K 1 2,  K 1 1 ; and  they 
will  meet  the  fides  K p and  Ip  of  the  angle  Ip K, 
where  the  hours  thereon  mult  be  placed.  And 
thefe  hour-fpaces  in  the  arcs  muft  be  fub-divided 
t into  four  equal  parts,  for  the  half  hours  and 

quarters. Do  the  like  for  the  other  three 

angles,  and  draw  the  dotted  lines,  and  fet  the 

hours 
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hours  hi  the  infides  where  thofe  line£  meet  them, 
as  in  the  figure  : and  the  like  hour-lines  will  be 
parallel  to  each  other  in  all  the  quadrants  and  in 
all  the  angles. 

Mark  points  for  all  thefe  hours,  on  the  upper 
fide,  and  cut  out  all  the  angular  hollows,  and 
the  quadrantal  ones  quite  through  the  places 
where  their  four  gnomons  mull  {land  ; and  lay- 
down the  hours  on  their  infides,  as  in  Plate  XII, 
and  then  fet  in  their  four  gnomons,  which  mud 
be  as  broad  as  the  dial  is  thick  ; and  this  breadth 
and  thicknefs  mull  be  large  enough  to  keep  the 
fhadows  of  the  gnomons  fom  ever  falling  quite 
out  at  the  fides  of  the  hollows,  even  when  the 
fun’s  declination  is  at  the  greateft. 

Laftly,  draw  the  equinodlial  dial  in  the  mid-' 
die,  all  the  hours  of  which  are  equidiflant  from 
each  other  ; and  the  dial  will  be  finifhed. 

i 

As  the  fun  goes  round,  the  broad  end  of  the 
fhadow  of  the  ftile  abed  will  fhevv  the  hours 
in  the  quadrant  A r,  from  fun  rife  till  VI  in  the 
morning  ; the  fhadow1  from  the  end  M will  fhew 
the  hours  on  the  fide  Lq  from  V to  IX  in  the 
morning;  the  fhadow  of  the  flile  efg  h in  the 
quadrant  D g (in  the  long  days)  will  fhew  the 
hours  from  fun-rife  till  VI  in  the  morning ; and 
the  fhadow  of  the  end  N will  fhew  the  morning 
hours,  on  the  fide  0 r,  from  III  to  VII. 

Jufl  as  the  fhadow  of  the  northen  flile  abed 
goes  off  the  quadrant  Ac,  the  fhadow  of  the 
fouthem  flile  iklm  begins  to  fall  within  the 
quadrant  F /,  at  VI  in  the  morning  ; and  fhews 
the  time,  in  that  quadrant,  from  VI  till  XII  at 

noon; 
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noon  ; and  from  noon  till  VI  in  the  evening  in 
the  quadrant  in  E.  And  the  lhadow  of  the  end 
0 {hews  the  time  from  XI  in  the  forenoon  till 
III  in  the  afternoon,  on  the  fide  r N as  the 
lhadow  of  the  end  P {hews  the  time  from  IX  in 
the  morning  till  I o’clock  in  the  afternoon,  on 
he  Tides  £>j. 

At  noon,  when  the  lhadow  of  the  eaftern  {file 
efgh  goes  off  the  quadrant  Jo  C (in  which  it 
(hewed  the  time  from  VI  in  the  morning  till 
noon,  as  it  did  in  the  quadrant  g D from  fun-rife 
till  VI  in  the  morning)  the  lhadow  of  the  weftern 
{tile  n op  q begins  to  enter  the  quadrant  Hp  ; 
and  fhews  the  hours  thereon  from  XII  at  noon 
till  VI  in  the  evening  ; and  after  that  till  fun-fet 
in  the  quadrant  qG  ; and  the  end  cafts  a 
{hadow  on  the  fide  P s from  V in  the  evening 
till  IX  at  night,  if  the  fun  be  not  fet  before  that 
time. 

The  lhadow  of  the  end  I {hews  the  time  on 
the  fide  K p from  III  till  VII  in  the  afternoon  ; 
and  the  lhadow  of  the  {file  abed  {hews  the  time 
from  VI  in  the  evening  till  the  fun  fets. 

The  lhadow  of  the  upright  central  wire,  that 
fupports  the  globe  at  top,  {hews  the  time  of  the 
day,  in  the  middle  or  equinoctial  dial,  all  the 
fummer  half  year,  when  the  fun  is  on  the  north 
fide  of  the  equator. 

In  this  Supplement  to  my  book  of  Lectures, 
all  the  machines  that  I have  added  to  my  appa- 
ratus, fince  that  book  was  printed,  are  de- 
feribed,  excepting  two  j one  of  which  is  a model 
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of  a mill  for  fawing  timber,  and  the  other  is  a 
model  of  the  great  engine  at  London-bridge, 
for  railing  water.  And  my  reafons  for  leaving 
them  out  are  as  follow : 

. ^ j \ 

Firft,  I found  it  impoflible  to  make  fuch  a 
drawing  of  the  faw-mill  as  could  be  underltood ; 
becaufe  in  whatever  view  it  be  taken,  a great 
many  parts  of  it  hid  others  from  fight.  And, 
in  order  to  Ihew  it  in  my  Lectures,  I am  obliged 
to  turn  it  into  all  manner  of  pofitions. 

Secondly,  Becaufe  any  perfon  who  looks  on 
Fig.  i.  of  Plate  XII  in  the  book,  and  reads 
the  account  of  it  in  the  fifth  Letture  therein, 
will  be  able  to  form  a very  good  idea  of  the 
London-bridge  engine,  which  has  only  two 
wheels  and  two  trundles  more  than  there  are  in 
Mr.  Alderfea> s engine  from  which  the  faid  figure 
was  taken. 


FINIS. 


* 

Printed  by  A.  StrnTian, 

Printert-Street. 
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